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Abstract:

With a global estimate of tens of thousands of arachnid enthusiasts, spiders and scorpions are gaining
increasing popularity as pets in industrialised countries in Europe, Northern America and Asia. As
most spiders and all scorpions are venomous and due to their mostly negative image in the public
media, several governments are already considering introducing legislation to regulate the domestic
care of potentially dangerous captive animals. We aimed to investigate the circumstances and effects
of exposure to arachnids kept in captivity. Thus, we collected and analysed data from 335 reported
bites and stings attributed to pet arachnids. Our data revealed that on average there were less than
20 recorded envenomations per year with ~90% preventable by due care. We also categorized the
severity of the resulting symptoms and found that the vast majority of symptoms were either local
(60.9%) or moderate (33.4%), 4.8% were asymptomatic, only 0.9% were severe and no fatalities were
recorded. Based on our database of bite and sting reports, we performed a risk assessment for
arachnid pet ownership and concluded that with the proper care arachnids can be safely kept as pets
and pose a lower risk than many other recreational activities.
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Tens of thousands arachnid pet owners globally.
< 20 annual envenomations / 20 years
~ 90% accidents preventable

0.9% severe cases

1. Introduction

Despite their fearsome reputation in public media [1], venomous arachnids such as spiders and
scorpions have gained increasing popularity as pets in recent decades in some industrialised
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countries in Europe, Northern America and Asia. The continuously increasing demand for new
arachnid pet species has wide-ranging implications including illegal imports [2, 3]. On the other
hand, arachnid pets also offer a diverse and easily accessible resource for research in various
disciplines associated with arachnids, such as taxonomy [4, 5], toxinology [6, 7], biodiversity [8],
protection of endangered species [9], physiology [10, 11] and evolution [12, 13]. In addition to
arachnids, other venomous animals such as centipedes or snakes are also becoming increasingly
popular as pets and Europe is considered a global hot spot in regard to exotic pets [2, 3]. A recent
case of an escaped pet cobra (Naja kaouthia) that was on the loose for several days in Herne, Germany
before finally being caught safely [14] has caused public concerns about the suitability of venomous
animals as pets. This has for example prompted the local government of North-Rhine Westphalia
(Germany) to consider introducing regulations to control or restrict the captivity of potentially
dangerous animals, including venomous arachnids [15]. Other German states [16, 17] and countries
such as Italy [18] the UK [19] have previously introduced similar legislation. And further countries
might also come to a point where they see the need to regulate venomous animals in captivity.
Unfortunately, the responsible regulatory agencies rarely have the scientific expertise to judge which
species should be considered as potentially dangerous. We have already provided our expert reports
to three German states (Bavaria, Hesse, and North-Rhine Westphalia) and to a wider audience [20].

Our previous review article was mostly focused on assessing the potential danger of arachnids
based on bites or stings that occurred in their respective countries of origin [20]. For authorities to
make sensible decisions about pet arachnids, they first need to understand the specific risks
associated with arachnids held in captivity. By performing a global search for case reports in online
forums and popular magazines dealing with pet arachnids and by distributing a questionnaire about
such cases to pet owners in Europe and Northern America, we have compiled a large database of 335
self-reported bites or stings from pet arachnids. This database allows us to determine which arachnid
genera are involved in these incidents and it also enables us to examine the range of effects resulting
from the bites and stings. Comparing the genera responsible for these cases with their respective
popularity in the pet scene, also helped to uncover genera which are disproportionately involved.
Furthermore, to understand the severity of each case, we classified the resulting symptoms as
asymptomatic, local, moderate, or severe. Overall, the analysis of our pet arachnid bite and sting
databased allowed us to perform a specific risk assessment for keeping arachnids as pets, which
should form a foundation for authorities to base their future decisions on regulations related to
arachnid pets.

2. Experimental Section

In order to maximise the number of pet arachnid bite and sting reports to be analysed in this study,
we obtained cases from a wide variety of different sources. Therefore, we screened several internet
forums (“Arachnoboards” [21], “Arachnophilia” [22], “SkorpionForum” [23] “SKF — Schattenjaeger im
Terrarium” [24], and “Vogelspinnenstammtisch Schweiz” [25]) as well as other internet resources (“The
Arachnoholic” website [26], and Facebook [27]) for any reports of pet spider bites or scorpion stings in
humans. As search parameters in these online media, we entered terms such as , bite”, ,sting”, , bitten”,
,stung”, ,,envenomation” (in the respective language of each online medium). In addition, we compiled
pet arachnid envenomation reports from popular magazines (“Arachne”, “Arachnologischer
Anzeiger”, and “British Tarantula Society Journal”). Finally, we prepared a questionnaire (see
Supplementary Data) and distributed it within the European and American arachnid pet scene in order
to obtain feedback on arachnid envenomation cases that were caused by pet arachnids. All data were
then compiled into an excel table (see Supplementary Excel file) for a detailed statistical analysis and to
determine symptoms that are particularly prevalent after envenomations by selected arachnid genera.
Due to the limited numbers of cases per species, we have restricted our detailed analysis of
envenomation symptoms to the genus level.
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In order to minimize any diagnosis bias due to potential incorrect diagnoses by the pet owners reporting
these cases, we only analysed those symptoms with an incidence rate of at least 10% and for the detailed
analysis of envenomations by selected arachnid genera (with at least five reported cases), we used a
30% incidence cut-off rate. Given that there are no records available about how prevalent each arachnid
genus is within the arachnid pet scene, we have estimated their popularity based on how frequently
they are described in popular books on arachnid husbandry. A list of these books can be found in Table
Al.In order to assess the severity of each arachnid envenomation, we introduced a classification scheme
with four categories as detailed in Table 1.

Table 1. Scheme used classify the degree of severity of symptoms associated with each reported pet arachnid
bite or sting.

Classification Associated symptoms
Asymptomatic No symptoms reported
Local Only symptoms that remain localized to the bite/sting site
Moderate Any symptoms not classified in any of the other three categories
Severe Causing potentially life-threatening effects

3. Results

The present study is based on 335 case reports, which have been sourced from a wide range of
media, including internet sources (83.9%), popular arachnid magazines (9.8%) and replies to our
envenomation questionnaire (6.3%). The great majority of cases relates to spider bites (82.7%) with
only a minority of scorpion sting cases (17.3%). The 277 spider bite cases were caused by seven
different spider families (Figure 1A) from 47 different genera (Table A2) with the vast majority being
caused by spiders of the family Theraphosidae (96.4%) (Figure 1A). The 58 scorpion sting cases were
caused by scorpions from 22 different genera (Table A3) within eight different families (Figure 1B),
although the majority of cases were caused by species from the families Buthidae (58.6%) and
Scorpionidae (24.1%). In those cases where the sex of the envenomating arachnid has been identified,
it turned out that mainly female arachnids were responsible (74.2% in spiders and 63.6% in
scorpions). Also, a single (rather than multiple) bite/sting occurred in the majority of cases (81.3% in
spiders and 76.5% in scorpions).
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Figure 1. Envenomation statistics. All values are calculated based on those cases (the respective N-
numbers are indicated for each panel) that supplied the particular details. (A) Percental distribution of all
277 recorded spider bite cases across 7 different spider families. (B) Percental distribution of all 58 recorded
scorpion sting cases across 8 different scorpion families. (C) Percental distribution of the reason for contact
with the arachnid. (D) Percental distribution of the bite/sting site in the victim. (E) Percental distribution of
the treatment. (F) Violin plot indicating the age distribution of the bite/sting victims. (G) Violin plot
indicating the year when the bite/sting occurred. Five cases occurred prior to 2000 (1951, 1987, 1989, 1990
and 1990) but were included under the year 2000 for reasons of simplification. In the violin plots in (F) and
(G), the dotted lines represent the 1%t and 34 quartile and the dashed line indicates the median.

Males are over-represented among the victims of arachnids, accounting for 100% of all scorpion
and 81.4% of all spider bites. According to the reasons that resulted in the contact with the arachnid,
the majority of encounters were due to a deliberate interaction (e.g. maintenance, handling,
transferring, or actively induced), whereas only a minority of cases were due to arachnids that had
managed to escape or were prevented from trying to escape (Figure 1C). The great majority of bites
and stings (84.8%) were delivered to the hand, including the fingers (Figure 1D). Only 10.5% of all
arachnid exposures specified that they sought professional help through calling a hotline or visiting
a doctor or hospital (Figure 1E). The age of the victims of arachnid bites ranged from 12 to 64 years
with a median age of 32 (Figure 1F).
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We also performed an analysis of the popularity of particular arachnid genera (see
Supplementary Excel file) based on how frequently they are mentioned in popular books about the
maintenance of arachnids in captivity (Table A1). Then we performed a linear regression comparing
the popularity of each genus with the frequency of bites or stings that were caused by that genus in
our database (Figure 2).
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Figure 2. Linear regression for correlation of popularity of arachnid genera with their respective incidence
rates for causing bites or stings. Those genera that have a disproportionate incidence rate (as defined by a
difference from the linear correlation of at least 5%) are indicated by the respective genus name and the data
point colored in red for a higher or blue for a lower incidence rate than predicted from their popularity, all other
data points are in black.

Based on a first analysis of symptoms with an incidence rate of at least 10% in one of the arachnid
orders (Table 2), the top 5 of the most frequent symptoms after scorpion stings are local pain (86.2%),
numbness (20.7%), swelling (19.0), paraesthesia (17.2%) and radiating pain (15.5%). The top 5
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symptoms after spider bites are local pain (79.8%), swelling (45.8%), puncture marks (28.5%), redness
(25.6%) and muscle cramps (22.4%). Some symptoms were preferentially caused by spiders (muscle
cramps, bleeding, puncture marks, nausea/vomiting, stiffness, swelling, itching, and redness),
whereas other symptoms were more likely experienced after scorpion stings (paraesthesia,
numbness, radiating and local pain).

Table 2. Comparison of incidence rates (in %) of frequent envenomation symptoms (based on at least 10%
incidence rate in one of the arachnid orders and ordered according to an increasing occurrence rate in spiders)
between all reported envenomation cases from scorpions (N=58) and spiders (N=277). The symptoms shaded in

rey have a higher incidence rate in scorpions, all other symptoms have a higher incidence rate in spiders.
Symptoms Scorpion (%) Spider (%)
Paraesthesia 17.2 13.0
Numbness 20.7 17.0
Radiating pain 15.5 141
Local pain 86.2 79.8
Redness 13.8 25.6
ltching 8.6 20.6
Swelling 19.0 45.8
Stiffness 3.4 12.6
Nausea/Vomiting | 1.7 10.5
Puncture marks 34 28.5
Bleeding 1.7 14.4
Muscle cramps 0.0 22.4

The classification of all 335 case reports based on their degree of severity revealed that the great
majority of all cases are either local (60.9%) or moderate (33.4%), with another 4.8% of asymptomatic
and only 0.9% of severe cases (Table 3).

Table 3. Comparison of the percental distribution of severity of symptoms between scorpion stings (N=58) and
spiders bites (N=277). The average distribution across all 335 arachnid envenomations is indicated in bold.

Symptom severity (%) Scorpions Spiders Average/335 cases
Asymptomatic 5.2 4.7 4.8

Local 69.0 59.2 60.9

Moderate 259 35.0 334

Severe 0.0 1.1 0.9

A separate analysis of the degree of severity of symptoms caused by arachnid genera that we have
previously classified as potentially dangerous [20] showed a profound shift from local to moderate

symptoms in dangerous spider and a similar but less pronounce shift in dangerous scorpion genera
(Table 4).

Table 4. Comparison of the percental distribution of severity of symptoms for non-dangerous versus dangerous
arachnids. Data is based on N=230 spider bites and N=33 scorpion stings from non-dangerous and N=47 spider
bites and N=25 scorpion stings from dangerous arachnid genera according to our previous classification [20].
Incidence rates from 30% are highlighted in yellow (and in bold from 50%).

Spiders Scorpions
Symptom severity (%) Non-dangerous | Dangerous Non-dangerous Dangerous
Asymptomatic 5.7 0.0 9.1 0.0
Local 65.7 27.7 72.7 64.0
Moderate 28.3 68.1 18.2 36.0
Severe 0.4 4.3 0.0 0.0
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For the in-depth analysis of bite/sting symptoms within particular genera, we focused on those symptoms with an incidence rate of at least 30% in genera with
at least 5 case reports (Table 5). Similar to the analysis for all the arachnid exposures (Table 2), the most prominent symptom observed in the analysis of the selected
genera (80% average incidence rate in spiders and 83.8% in scorpions) was local pain, which ranged from 50% in Avicularia and Tliltocatl to 100% in Heteroscodra,
Pelinobius and Hottentotta. Symptoms that featured most prominently only in one or a few genera are bleeding (80% incidence in Pelinobius), paraesthesia (54.5%
incidence in Heteroscodra and 40% in Hottentotta), paralysis (33.3% incidence in Omothymus), stiffness (50% incidence in Omothymus), and sweating (40% incidence
in Pelinobius).

Table 5. Analysis of bite and sting symptoms (shaded in blue, in alphabetical order) and distribution of severity of symptoms (shaded in green, Asymp. = asymptomatic, no
effects) in arachnid genera with at least 5 case reports. Incidence rates from 30% are highlighted in yellow (and in bold from 50%) and the average incidence rate for these spider and
scorpion genera is shaded in grey.

Genus N= Bleeding Itching Local Muscle Numbness Paraesthesia  Paralysis Puncture Radiating Redness  Stiffness Sweating Swelling | Asymp. Local Moderate Severe
pain cramps marks pain yst
Aphonopelma 9 222 33.3 88.9 0.0 1.1 0.0 0.0 33.3 1.1 1.1 0.0 0.0 44.4 0.0 88.9 111 0.0
Avicularia 12 8.3 41.7 50.0 8.3 0.0 16.7 8.3 16.7 0.0 33.3 8.3 0.0 16.7 16.7 83.3 0.0 0.0
Caribena 13 15.4 46.2 92.3 0.0 7.7 15.4 0.0 38.5 0.0 23.1 7.7 0.0 38.5 0.0 100.0 0.0 0.0
Grammostola 38 21.1 36.8 78.9 5.3 26 10.5 0.0 28.9 0.0 13.2 5.3 0.0 39.5 7.9 78.9 13.2 0.0
Haplopelma 9 1.1 0.0 66.7 33.3 44 .4 0.0 0.0 33.3 1.1 0.0 0.0 111 44.4 1.1 33.3 55.6 0.0
%) Heteroscodra 1 0.0 9.1 100.0 36.4 36.4 54.5 0.0 9.1 36.4 455 27.3 0.0 27.3 0.0 18.2 81.8 0.0
g Hysterocrates 8 12.5 25.0 62.5 25.0 0.0 25.0 0.0 25.0 25.0 12.5 0.0 0.0 62.5 0.0 50.0 50.0 0.0
.(/6)- Omothymus 6 16.7 0.0 83.3 0.0 16.7 0.0 333 333 16.7 50.0 50.0 16.7 333 0.0 66.7 333 0.0
Pelinobius 5 80.0 60.0 100.0  20.0 20.0 20.0 20.0 60.0 20.0 60.0 20.0 40.0 80.0 0.0 40.0 60.0 0.0
Poecilotheria 44 18.2 13.6 86.4 59.1 25.0 11.4 2.3 34.1 25.0 29.5 18.2 15.9 56.8 0.0 27.3 68.2 45
Psalmopoeus 10 0.0 30.0 90.0 10.0 30.0 10.0 0.0 20.0 10.0 20.0 20.0 0.0 40.0 0.0 70.0 30.0 0.0
Pterinochilus 34 5.9 5.9 91.2 441 235 5.9 0.0 26.5 235 11.8 14.7 11.8 55.9 5.9 35.3 55.9 29
Tliltocatl 18 16.7 111 50.0 5.6 5.6 5.6 0.0 33.3 0.0 33.3 11.1 0.0 33.3 1.1 83.3 5.6 0.0
Average 17.5 24.1 80.0 19.0 17.2 13.5 4.9 30.2 13.8 26.4 14.0 7.3 44.0 4.1 59.6 35.7 0.6
2 Centruroides 10 10.0 0.0 80.0 0.0 30.0 10.0 10.0 0.0 30.0 10.0 10.0 0.0 30.0 0.0 60.0 40.0 0.0
g_ Hottentotta 5 0.0 20.0 100.0 0.0 20.0 40.0 0.0 20.0 40.0 60.0 0.0 0.0 60.0 0.0 60.0 40.0 0.0
g Pandinus 7 0.0 14.3 71.4 0.0 28.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 28.6 28.6 42.9 28.6 0.0
n Average 3.3 11.4 83.8 0.0 26.2 16.7 3.3 6.7 23.3 23.3 3.3 0.0 39.5 9.5 54.3 36.2 0.0
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In order to obtain an idea about the severity of the symptoms in the selected arachnid genera,
we classified each case into either asymptomatic, local, moderate or severe (Table 5). Our results
highlight that on average, the majority of all cases were local (59.6% in spiders and 54.3% in scorpions)
followed by moderate symptoms (35.7% in spiders and 36.2% in scorpions), which is similar to the
percentages observed from the analysis of all 335 case reports (Table 3). Only three severe cases were
reported, which were caused by spiders of the genera Poecilotheria (2x) and Pterinochilus (1x) and
which led to unconsciousness in addition to several other reported local and systemic symptoms (e.g.
nausea/vomiting).

4. Discussion

The gold standard for assessing the toxicological effects from arachnid bites and stings is to rely
on verified bites, which includes the taxonomical identification of the responsible arachnid species as
well as the clinical follow-up of the resulting effects [28]. Pet spiders and scorpions are typically well
identified at least to the genus (often even to the species) level by experts before being distributed in
the pet trade, so that pet owners are usually well aware of the correct taxonomic identities of their
arachnids [29]. Accordingly, we assumed that the taxonomic identity of the arachnids in our study
was correctly identified to the genus level, which we used for our data analysis. By relying on self-
reported cases, the symptoms we recorded were mostly described by lay persons instead of medical
professionals. Therefore, an objective reporting cannot always be assumed for each case. In order to
minimize any reporting bias from less accurate diagnoses, we focused on symptoms with a higher
incidence rate and on easy-to-self-diagnose symptoms (e.g. redness, swelling, pain, cramps, nausea).
Symptoms that required an accurate measurement or a diagnosis by a clinician (e.g. irregular heartbeat,
fever) were not included. Furthermore, it needs to be emphasized that this study focused on the
circumstances, under which pet arachnid bites and stings happened, on the genera/species being
responsible for these incidents and on the scope of potential outcomes. Given that only a minority of
bitten/stung humans are seeking medical help, this kind of reporting for the resulting symptoms has to
be accepted as an inherent drawback of such kind of examination in order to allow gathering a
comprehensive and significant number of cases. In summary, this study was designed to provide the
framework for future case reports, which may then focus more deeply on the clinical effects.

Our results reveal some interesting details about sting/bite incidents with arachnid pets. Of those
335 cases recorded in our database, 10.5% of the pet owners that get bitten or stung required medical
assistance and only 0.9% of all cases were classified as severe. We further noticed that the vast
majority of all incidents occurred during deliberate interaction with the pet arachnids, with handling,
maintenance, transferring and fleeing during these interactions amounting to 93.1% of all cases,
whereas only 4.2% were accidentally caused by arachnids that have escaped unseen and 2.7% of all
bites and stings have even been actively induced. In accordance, the hand (84.8%) and arm (7.6%)
were the body parts most often targeted by arachnids. This implies that by applying the appropriate
caution and safety measures (e.g. wearing protective gloves or using long forceps) when interacting
with arachnid pets, the majority of all cases could most likely be prevented. The fact that the victims
were mainly male is an unsurprising finding. Not only are men known to be more risk-loving, the
majority of all arachnid pet owners are actually male. In case of the Deutsche Arachnologische
Gesellschaft e.V. (DeArGe) for example, 82.7% of all members are men, which nicely reflects their
representation among the envenomation victims. Another unsurprising finding is that the offending
arachnids were mainly female. Most of the cases were caused by theraphosid spiders and it is well
known that female theraphosids have a much higher lifespan than males [30] and in many cases the
females are also larger than males of the same species [31]. Thus, this results in increased prevalence
of females among pet arachnids and also in a lower risk of male arachnids causing notable effects.

What our data does not reveal is how big the global arachnid pet scene is and unfortunately
there are also no simple ways to determine the global numbers of arachnid pet owners. The world’s
two largest societies dedicated to pet arachnids, the DeArGe and the British Tarantula Society (BTS),
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currently have 927 and 507 (paying) / 1113 (registered) members, respectively. However, we assume
only a small fraction of all arachnid pet owners are willing to pay annual fees for being members of
any of these societies. Apparently, the majority of arachnid enthusiasts obtain their knowledge on
the maintenance of arachnid pets in captivity either from popular books or an increasing number is
seeking free advice from social media (e.g. Facebook [27]) or video channels (e.g. YouTube [32]),
respectively. The numbers of subscribers of popular YouTube channels dealing with arachnid pets
ranges from the tens of thousands (e.g. “birdspidersCH” from Switzerland [33] with 20,400
subscribers) to several hundreds of thousands (e.g. “The Dark Den” from Croatia [34] with 519,000
subscribers). Based on these numbers, it would seem safe to estimate the global numbers of arachnid
pet owners to be at least several tens of thousands. Interestingly, when comparing the recorded
number of bite and sting cases over the past two decades, we noticed a 55% decrease from the
previous to the current decade. There could be several possible explanations for this observation. The
hobby could be in decline, it could be due to a reporting bias (e.g. more people tending to social media
such as Facebook [27] or video channels like YouTube [32] while posting reports in online forums is
declining) or due to an improved education of arachnid pet owners (e.g. learning from the mistakes
of others; more knowledge available about the behavior of arachnid species kept as pets). Monitoring
the envenomation incidents over the next decade might provide an answer to this question.

Our data reveal that incidents with pet arachnids are dominated by spiders from the family
Theraphosidae (96.4% of all spider bites, 79.7% of all arachnid incidents) and scorpions from the
families Buthidae and Scorpionidae (totaling 82.7% of all scorpion stings, 14.3 % of all arachnid
incidents). These numbers largely reflect the preference of particular arachnids among the pet
owners. However, a few arachnid genera caused a disproportionate number of cases. The spider
genera Grammostola, Poecilotheria and Pterinochilus and the scorpion genera Centruroides and Pandinus
were responsible for considerably more cases than would have been predicted based on their
popularity. One reason for the over-representation of some genera could be that they behave in an
unexpected way (e.g. erratic and fast movements), which could be the case for Poecilotheria and
Pterinochilus, or that they are less docile than reported in the popular literature, which could be the
case for Grammostola and Pandinus. Another explanation could be that a genus is under-represented
in the popular literature, which we believe could be the case for Centruroides. Only the spider genus
Brachypelma caused considerably less bites than would have been expected based on its popularity,
which we believe might be due to those spiders rather using their urticating hairs than their venoms
for defensive purposes [35].

Only a few of the cases in our study reported outcomes that are considered uncommon for the
particular arachnid genus that caused the bites or stings and in some cases it was difficult to assess,
whether the mentioned effects are a direct consequence of the arachnid bite/sting or whether they are
rather attributable to pre-existing conditions. For example, four cases (unique case numbers 9, 270,
305, and 328, see Supplementary Excel Table) reported breathing difficulties in envenomation victims
with pre-existing asthmatic conditions. Whether these symptoms were directly caused by components
in the venoms or by increased stress due to the incident is difficult to determine based on the limited
data available in these reports. The fact that these symptoms in combination with the pre-existing
asthma were reported from a variety of spider (Thrixopelma, Poecilotheria, Pterinochilus) and scorpion
(Centruroides) genera would argue against a specific venom component being responsible. One case
(unique case 236, see Supplementary Excel Table) that has been classified as severe, which resulted in
unconsciousness amongst several other symptoms of the victim, also mentioned that the medications
administered by the ambulance staff were not tolerated and might have contributed to the severity
of the effects. Another interesting case (unique case 48, see Supplementary Excel Table) was stung
twice by the same scorpion species (Pandinus imperator) on two separate incidents. The victim referred
to the symptoms after the second time as being more severe, reporting strong pain, breathing
difficulties, circulatory problems, and shock-like symptoms. These symptoms are uncommon after
stings from Pandinus, which usually cause rather mild symptoms that are characterized by pain,
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swelling, numbness and itching (Table 5). Allergic reactions to arachnid venoms, unlike for
hymenopterans, are rarely reported [36, 37]. However, some allergens have been described from
scorpion venoms [38] and were observed to even exhibit cross-reactivity with hymenopteran
allergens [39]. Thus, based on the symptoms and the fact that the victim was stung repeatedly in
separate incidents by the same species of scorpion, a type-1 hypersensitivity reaction cannot be ruled
out as a potential explanation for the more pronounced manifestations following the second sting
from Pandinus in unique case number 48. However, without more detailed clinical data on this case,
a conclusive diagnosis is impossible.

The most prominent symptom caused by spider bites and scorpion stings in our database was
local pain, being observed in > 80% of all cases. This finding supports many previous reports of local
pain being the most prominent symptom after arachnid bites or stings [40-42]. Furthermore, pain-
inducing venom components are a well-established defense mechanism for arachnids [43-46]. Other
prominent symptoms particularly caused by spider bites were muscle cramps, bleeding, puncture
marks, nausea/vomiting, stiffness, itching and redness. On the other hand, paraesthesia, numbness
and radiating pain were more prominently observed after scorpion stings. A similar range of
symptoms was also described from bites and stings by Australian arachnids with pain being the
predominant symptom caused by all arachnids and paraesthesia and numbness exhibiting a higher
incidence rate in scorpions [47-49]. However, comparing the actual percentages for the incidence rates
that we observed with other published results is hampered by the differences in the diversity and
geographical origin of the arachnids involved in these incidents. The published literature on clinical
effects is heavily biased towards medically important arachnids. In contrast, our data on spiders only
includes three cases (out of 277) from medically important spiders and is otherwise heavily focused
on the medically less important theraphosids, accounting for 96.4% of all spider bites. Previous
clinical evidence indicates that Australian and Brazilian theraphosid bites only caused minor
symptoms with pain being the most prevalent effect [50, 51]. The theraphosids included in our study
originated from various parts across their natural distribution range including the Americas, Africa
and Asia. Geographic differences of the effects caused by theraphosid venoms have already been
documented with respect to certain African and Asian theraphosids being implied to have a higher
neurotoxicity in mice [52]. In this previous study 55 theraphosid venoms were injected in mice, but
only a small proportion were from Asian (N =5) and African (N =10) species [52]. Despite this uneven
sample size across the different geographic regions, all of the Asian and African venoms caused
mortality within less than 60 min after intracerebroventricular injection, whereas only 50% of the 40
American species showed mortality within that observation period. Our data supports that some
African and Asian theraphosid genera such as Heteroscodra, Pelinobius, Poecilotheria and Pterinochilus
predominantly caused moderate effects, whereas exclusively local effects were predominant after
bites by the New World genera Aphonopelma, Avicularia, Caribena, Grammostola, Psalmopoeus and
Tliltocatl. However, it is yet too early to draw a general conclusion about potential geographic
variations in the severity of symptoms caused by theraphosid bites as this should be examined in a
more detailed way by taking both the geographic origin as well as the phylogenetic relationship into
account. And other factors such as the venom amount might also play a crucial role.

Visual signs at the bite/sting site (such as puncture marks, bleeding, swelling, redness) were
more common after spider bites than after scorpion stings. This could be attributed to the relatively
large fang size of theraphosid spiders [47]. One symptom that was only caused by spider bites and
not by scorpion stings are muscle cramps. In particular the genus Poecilotheria caused an incidence
rate of > 59% of muscle cramps, which correlates well with the 58% reported by a previous study [29].
Our data therefore further adds to the evidence of muscle cramps being caused by Poecilotheria
venoms in vertebrates such as humans [29, 53] or mice [54]. Other theraphosid genera that exhibited
a high incidence rate of muscle cramps include Haplopelma (33.3%), Heteroscodra (36.4%) and
Pterinochilus (44.1%), with the latter two genera also previously being reported for inducing muscle
cramps in humans [53, 55]. In some of our cases, those muscle cramps were reported to be long-


https://doi.org/10.20944/preprints202009.0261.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 September 2020 doi:10.20944/preprints202009.0261.v1

lasting, sometimes occurring over periods of several weeks or even months. While previous studies
have classified muscle cramps as a severe symptom [53], we do not share this view for two reasons.
Firstly, the presence of muscle cramps alone does not represent a reliable indicator for the severeness
of an arachnid envenomation, as in some cases, the muscle cramps were explicitly described as mild
and/or locally restricted, whereas in others they were experienced as extraordinary painful and
debilitating. Secondly, muscle cramps alone cannot be considered a life-threatening symptom.

When specifically comparing incidents from those arachnid genera that we have previously
classified as potentially dangerous [20] to the non-dangerous genera, we found a shift from local to
moderate symptoms in spiders and a similar but less pronounced shift in scorpions. This implies that
incidents with potentially dangerous arachnid pets do not necessarily result in severe consequences,
with only 2.8% of the recorded incidents with dangerous arachnids causing severe symptoms.
Notably, we gathered several incidents from arachnids that are historically considered being of
medical importance in their respective countries of origins, namely from spiders of the genera
Latrodectus and Phoneutria and scorpions of the genera Androctonus, Centruroides, Hottentotta, Leiurus,
Olivierus, Parabuthus, and Tityus [42, 56]. However, none of these were involved in a severe
envenomation in this study. Conversely, all three cases we classified as severe were caused by the
theraphosid genera Poecilotheria and Pterinochilus, with theraphosids being only considered of minor
medical importance in their countries of origins [50, 51].

When using a risk matrix to perform an assessment for the risk associated with venomous
arachnid pets, the overall risk is determined by two factors, i.e. the likelihood and the consequence.
The likelihood of being bitten or stung by an arachnid is obviously increased, if you keep them at
home as pets. We recorded 335 incidents with pet arachnids, with most of them occurring in the last
two decades. On the background of tens of thousands of assumed arachnid pet owners globally, the
recorded case numbers appear low, although we have to assume that many inconsequential incidents
with pet arachnids have gone unnoticed if the pet owners did not consider a lack of symptoms worth
reporting. Nevertheless, the likelihood of being bitten or stung by an arachnid pet is still considered
to be low and there are a number of simple measures that can be taken by the arachnid pet owners
to further reduce this likelihood. For example, keeping the arachnids in tight enclosures to prevent
accidental escape, using sturdy gloves or long forceps for any interaction with the arachnids if
required for maintenance purposes, and avoiding any direct physical contact. Our data imply that
~90% of all cases were due to a lack of due care when interacting with the arachnids and are therefore
considered to be preventable. When it comes to the consequences of the arachnid bites and stings,
our data show that only three of the 335 cases (= 0.9%) were classified as severe. In other words, over
99% of all cases showed either local, moderate or no symptoms at all. Therefore, the typical
consequences (symptoms) of arachnid bites and stings can be considered as mild. Combining a low
likelihood of incidents with the overwhelmingly mild symptoms of these bites and stings leads to a
low overall risk rating that is associated with arachnid pet ownership. Other hobbies and leisure
activities such as beekeeping or sports are associated with more severe outcomes. For example, over
a ten year period from 2009-2018, there were more than 16 annual deaths registered due to honeybees
and other hymenopterans according to statistical data from Germany [57] and almost 50 annual
deaths in the USA from 1991-2001 [58]. Sports or drowning related accidents from 2009-2018
accounted for an annual average of 196 and 17 deaths, respectively, in Germany alone [57]. Any
recreational activity is associated with specific risks and judging from the low overall risk associated
with keeping arachnids as pets, the introduction of legislative restrictions on this hobby seems
disproportionate. However, providing guidelines to arachnid enthusiasts for improving due care
when interacting with their arachnid pets could be helpful in preventing most incidents. As pet
arachnids continue to be an important source of venoms and toxins used for research to benefit
humanity [44, 59], imposing unsubstantiated regulatory measures could even negatively impact the
progress of research as evidenced by research on venomous cone snails [60].
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5. Conclusions

In the present study, we have compiled and assessed 335 self-reported cases of bites and stings
from pet arachnids. These cases resulted mostly in local or moderate symptoms and only 10.5% of
the victims sought professional medical assistance. Furthermore, about 90% of these cases might have
been avoidable by applying due care when interacting with the arachnid and only 0.9% of all cases
were classified as severe with no recorded fatalities. By performing a risk assessment that is based on
the analysis of all cases in our database, we conclude that overall risk associated with arachnid pet
ownership is low and that this hobby therefore bears a lower risk than many other more common
recreational activities. At this stage, we do neither see any need nor benefit in introducing legislation
to regulate arachnid pet ownership.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Supplementary Excel
File, Questionnaire pet arachnid envenomations—-English, Questionnaire pet arachnid envenomations—German.
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Appendix A

Table A1. Popular arachnid husbandry books that were used to estimate the popularity of arachnid
genera as pets.

Authors Publication vear _ Origin of authors _Topic

Webb [61] 1993 UK Theraphosids
Kallas et al. [62] 1996 Germany Invertebrates
Axelrod [63] 1999 USA Theraphosids & Scorpions
von Wirth [64] 1999 Germany Theraphosids
Webb & Schiejok [65] 1999 UK & Germany Scorpions
Dost [66] 2000 Germany Exotic pets
Rubio [67] 2000 USA Scorpions
Tinter [68] 2001 Germany Theraphosids
Klaas [69] 2007 Germany Theraphosids
Rafn [70] 2007 Denmark Theraphosids
Manns [71] 2008 Germany Theraphosids
von Wirth [72] 2008 Germany Theraphosids
Watz [73] 2008 Germany Scorpions
von Wirth [74] 2011 Germany Theraphosids
Mahsberg et al [75] 2012 Germany Scorpions
Cléton et al. [76] 2015 France Theraphosids
Meinhardt [77] 2016 Germany Theraphosids

Schmitt [78] 2019 Germany Theraphosids
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Table A2. This table provides details about the families and species which were responsible for the

277 recorded spider bites. The number of cases per genus and the number of species within each genus

that were responsible for envenomations is also indicated. Potentially dangerous spider genera [20] are

shown in red. Please note that all reported spider names were checked and where appropriate updated

according to the “World Spider Catalog” [79] (except for the genus Haplopelma, as the recent

nomenclatorial changes mentioned in the “World Spider Catalog” were insufficiently justified and not

published under peer-review).

Family Genus Cases/genus Species/genus
Ctenidae Phoneutria 1 1
Halonoproctidae Bothriocyrtum 1 1
Lycosidae Hogna 1 1
Miturgidae Syspira 1 1
Theraphosidae Acanthoscurria 3 1
Theraphosidae Aphonopelma 9 6
Theraphosidae Avicularia 12 3
Theraphosidae Brachypelma 4 2
Theraphosidae Caribena 13 2
Theraphosidae Ceratogyrus 1 1
Theraphosidae Chilobrachys 1 1
Theraphosidae Chromatopelma 3 1
Theraphosidae Davus 1 1
Theraphosidae Ephebopus 2 2
Theraphosidae Eucratoscelus 2 1
Theraphosidae Eupalaestrus 1 1
Theraphosidae Grammostola 38 4
Theraphosidae Haplopelma 9 5
Theraphosidae Heteroscodra 11 1
Theraphosidae Hysterocrates 8 3
Theraphosidae Iridopelma 2 1
Theraphosidae Lasiodora 2 1
Theraphosidae Neoholothele 2 1
Theraphosidae Nhandu 2 1
Theraphosidae Omothymus 6 2
Theraphosidae Ornithoctonus 1 1
Theraphosidae Orphnaecus 2 1
Theraphosidae Pamphobeteus 2 2
Theraphosidae Pelinobius 5 1
Theraphosidae Phlogiellus 1 1
Theraphosidae Phormictopus 3 1
Theraphosidae Poecilotheria 44 9
Theraphosidae Psalmopoeus 10 3
Theraphosidae Psednocnemis 1 1
Theraphosidae Pseudoclamoris 1 1
Theraphosidae Pterinochilus 34 5
Theraphosidae Selenocosmia 2 2
Theraphosidae Selenotypus 1 1
Theraphosidae Stromatopelma 4 1
Theraphosidae Theraphosa 3 2
Theraphosidae Thrixopelma 1 1
Theraphosidae Tliltocatl 18 2
Theraphosidae Vitalius 1 1
Theraphosidae Ybyrapora 1 1
Theridiidae Latrodectus 2 2
Theridiidae Steatoda 3 2
Trechaleidae Cupiennius 1 1
Total 277 87
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Table A3. This table provides details about the families and species which were responsible for the

58 recorded scorpion stings. The number of cases per genus and the number of species within each genus

that were responsible for envenomations is also indicated. Potentially dangerous scorpion genera [20] are

shown in red. Please note that all reported scorpion names were checked and where appropriate updated

according to “The Scorpion Files” [80].

Family Genus Cases/genus Species/genus
Bothriuridae Bothriurus 1 1
Buthidae Androctonus 2 2
Buthidae Babycurus 3 1
Buthidae Centruroides 10 3
Buthidae Grosphus 1 1
Buthidae Heteroctenus 1 1
Buthidae Hottentotta 5 3
Buthidae Leiurus 1 1
Buthidae Lychas 4 3
Buthidae Olivierus 4 2
Buthidae Parabuthus 1 1
Buthidae Tityus 2 2
Caraboctonidae Caraboctonus 1 1
Chactidae Uroctonus 2 1
Euscorpiidae Euscorpius 3 2
Euscorpiidae Tetratrichobothrius 1 1
Hormuridae Hadogenes 1 1
Scorpionidae Heterometrus 4 2
Scorpionidae Pandinoides 1 1
Scorpionidae Pandinus 7 1
Scorpionidae Scorpio 2 1
Vaejovidae Paravaejovis 1 1
Total 58 33
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