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The primary question asked was what outcomes are associated with massive honeybee envenomation and can
we see trends in outcomes between patients with comorbid conditions and those without? Our results show that
there were no obvious trends with respect to the outcomes seen in patients with and without CAD, asthma,
hypertension, and diabetes. Because of the small sample size, any real differences in outcomes would be
impossible to detect statistically, and ultimately we were limited by an underpowered study. There were, however,
some trends noticed in outcomes with relation to demographic data, primarily seen in the total number of stings
inflicted. In patients with a greater number of stings, the total length of stay increased dramatically. Patients who
had 50 to 100 stings had an average length of stay of about 28 hours, but in patients in the range of hundreds of
stings the average stay went up to 104 hours, and with stings over 500, the average length of stay was 236 hours.
This highlights the importance of the impact of the total toxic venom load in mass envenomations of this caliber.
While again being unable to report any statistical differences using our data, there was also a clear trend towards
requiring intubation as an intervention as the number of stings became greater.

With regard to laboratory outcomes, peak creatine kinase measurements were markedly higher in patients with a
greater number of stings. This finding supports other literature confirming rhabdomyolysis as a common outcome
of massive envenomation. A component of bee venom – melittin – is thought to cause rhabdomyolysis via the
mechanisms by which it inserts itself into the phospholipid bilayer of cell membranes, ultimately causing cell
disruption. Phospholipase A2 further damages cell membranes and may also play a role in rhabdomyolysis. Again,
total number of stings seems to be the primary difference in the severity of rhabdomyolysis, as evidenced in Table
2 – the patients on discharge who had more stings (>100), still have a greater CK level than patients with fewer
total stings. Peak creatinine was also found to be higher in male patients. The reason for this difference could be
an issue regarding total body mass, in which patients with more muscle mass may be slightly more affected by the
resulting rhabdomyolysis and myoglobinemia after a mass envenomation. This would in turn affect the function of
the kidneys resulting in an acute kidney injury while raising creatinine levels. Age did not appear to play a
significant factor in any of the outcome variables measured, with no obvious trends observed.

This project supports that fact that ultimately the biggest determinant of a patient’s clinical course is the number of
stings that they present with. It seems safe to assume that a mass envenomation on the scale of hundreds to
thousands of stings will greatly increase the chance of significant rhabdomyolysis, risk of requiring intubation, and
lengthened hospital stay. This research project is not without its weaknesses, of which the primary concern is the
total number of patients included in this study. Even with 10 years worth of patient charts at a major institution in a
southwestern state affected by Africanized honeybees, only 25 patient charts met our inclusion criteria. This
highlights the rarity of this type of clinical scenario, but also supports why research in this area is important for
when these events do occur. Because this study was limited by a small sample size, the power of this research
would be greatly enhanced by the inclusion of more patient samples to help delineate if any comorbid conditions
may in fact play a significant role in outcomes. Future research could use a multi-institutional approach to capture
a larger pool of patients needed to perform a more robust statistical analysis to determine whether comorbid
conditions affect outcomes. Ultimately this study helps add to a limited fund of knowledge regarding mass
envenomation scenarios, and sheds light on the clinical course of patients, especially those in which the number of
stings are in the hundreds or thousands. This information also helps solidify the importance of obtaining an
accurate estimate of stings and how it may impact a patient’s clinical course.

This study was a retrospective analysis of patient charts based on ICD-9 and ICD-10 records indicating massive
honeybee envenomation. Inclusion criteria were the following: all patients admitted to Banner – University Medical
Center Phoenix between January 1, 2007 and October 20, 2016 with a diagnosis of massive honeybee
envenomation. Exclusion criteria were: patients with less than 50 stings. Records were obtained through electronic
medical records and any paper charts available for the selected time period. Over 500 charts were screened to
exclude other forms of envenomation (scorpions, snakes, wasps, etc) as well as single bee stings resulting in
anaphylaxis. A total of 25 patients met criteria and were included in the study. Each patient’s chart was reviewed
and de-identified information was collected in data abstraction sheets including epidemiological, clinical, and
therapeutic data. The data was then transferred to a master list and each chart was assigned a unique identifier.
Variables including age, weight, and past medical history were obtained for each patient. Outcomes were recorded
based on patient’s initial presentation, admission period, and discharge. Length of stay, and interventions such as
intubation and need for dialysis were obtained through the chart review. Mean values were obtained for laboratory
results during three periods of admission: presentation, peak/nadir, and discharge. Descriptive statistics were used
to display the data collected for demographics and outcomes. The study received IRB approval.
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Results
The 25 patients ranged in age from 16 to 82 years old, averaging 60.5 years, with a mean weight of 79.9kg.
Fifteen (60%) were male, and ten were female. Total number of stings varied from an estimated 50 stings, to over
1000. The majority of patients were estimated to have been stung by between 100 to 500 bees representing
thirteen patients (52%). Four patients (16%) had a history of coronary artery disease, fourteen patients had
hypertension (56%), nine patients had diabetes (36%), and one patient (4%) had asthma. In terms of outcomes
five patients (20%) required intubation for airway management, two patients were dialyzed (8%), and the average
length of stay was 84.2 hours over the course of hospital admission. Laboratory values for creatine kinase at their
peak show 11 patients (44%) with levels over 1000 U/L. Peak creatinine was greater than 2.0mg/dL in six (24%)
patients, while hemoglobin only dropped below 8.0g/dL in two (8%) patients. Table 1 summarizes these data,
including values for Hgb, CK, and creatinine at presentation to the hospital as well as discharge values. Since this
study was too small to statistically compare the outcomes with the continuous variables obtained, descriptive
statistics were used to present the results. Table 2 and 3 show the results obtained for outcomes in relation to
patient demographics and comorbid conditions.

Abstract
This study’s aim was to discover the outcomes associated with massive honeybee envenomation. Additionally, we
wanted to observe what trends might be seen with regard to outcomes in patients with comorbidities and those
without. Honeybees belong to the insect family of Hymenoptera, which includes wasps, yellow jackets and hornets.
Hymenoptera are responsible for more deaths than any other venomous insects and pose a risk to the public due
to the emergence of well-established populations of Africanized honeybees. These honeybees are prevalent in
southwestern states such as Arizona. Africanized bees are more aggressive and take less to provoke stings than
non-hybridized bees, and mass envenomations can cause fatal accidents. This study was a retrospective review of
patient charts based on ICD-9 and ICD-10 records indicating massive honeybee envenomation and screened to
include only patients meeting our inclusion criteria of ≥ 50 stings over a 10 year period at Banner – University
Medical Center Phoenix. 25 total patients were included and epidemiological, clinical, and therapeutic data were
obtained and compared for noticeable trends in the data with regard to demographics and comorbidities. The 25
patients ranged in age from 16 to 82 years old. Total number of stings varied from an estimated 50 stings, to over
1000. The majority of patients were estimated to have been stung by between 100 to 500 bees representing
thirteen patients (52%). Four patients (16%) had a history of CAD, fourteen patients had hypertension (56%), nine
patients had diabetes (36%), and one patient had asthma. In terms of outcomes, five patients (20%) required
intubation for airway management, two patients were dialyzed (8%), and the average length of stay was 84.2
hours over the course of hospital admission. Our results showed that there was no obvious trend in the outcomes
of patients with and without CAD, asthma, hypertension, and diabetes. Significant trends were primarily seen in the
total number of stings sustained. In patients with a greater number of stings, the total length of stay increased
dramatically. Number of stings also seemed to indicate a greater risk of requiring intubation as well. Finally,
creatine kinase levels were also significantly elevated in patients with a higher sting count, supporting prior work
done regarding the effect of mass envenomations with resulting rhabdomyolysis. This research supports that fact
that ultimately the biggest determinant of a patient’s clinical course is the number of stings that they present with. It
seems safe to assume that a mass envenomation on the scale of hundreds to thousands of stings will greatly
increase the chance that this particular patient is going to have significant rhabdomyolysis, be at greater risk of
requiring advanced airway measures such as intubation, and be admitted to the hospital for a longer period. Future
work would be enhanced by implementing a multicenter review to increase the power of the study to allow for
statistical comparisons to be made, creating an opportunity to delineate potential differences in outcomes based on
comorbid conditions.

Discussion and ConclusionsMethods

Introduction
Honeybees belong to the insect family of Hymenoptera, which also includes wasps, yellow jackets and hornets.
The stings from these insects can cause a range of clinical scenarios from mild symptoms to severe systemic
reactions [4]. Death due to a hymenoptera sting is rare, and it is usually due to an IgE mediated anaphylactic
reaction from a single sting. Massive envenomations are relatively uncommon, but the toxic effects of such a large
quantity of venom have resulted in death in various cases and hymenoptera as a family are responsible for more
deaths than any other venomous insects [6, 9, 11]. Massive honeybee envenomation poses a risk to the public due
to the emergence of well-established populations of Africanized honeybees, especially in the southwestern states
such as Arizona. (Figure 1.) Africanized honeybees began in Brazil where the more aggressive African bees were
crossbred with the docile European breeds in an attempt to produce a hybrid bee with optimal characteristics for
honey production [13]. Unfortunately some of the African bees escaped and initiated an uncontrolled natural
Africanization of the bee groups, eventually making their way to North America. Africanized bees are more
aggressive and take less to provoke stings than non-hybridized bees, and mass envenomations can cause fatal
accidents [10, 13]. The venom produced by the honeybees contains melittin, which is known for its lytic activity and
cardiotoxicity on mammalian hearts [12]. Phospholipase A2 is another major component of bee venom and, along
with melittin, can cause tissue damage including hemolysis and rhabdomyolysis [5, 8, 10].

Our retrospective clinical study asks the following: what outcomes are associated with massive honeybee
envenomation? Additionally, what trends might be seen with regard to outcomes in patients with comorbidities and
those without. The comorbidities evaluated include: asthma, coronary artery disease, hypertension, and diabetes.
Outcomes measured after massive envenomation include: acute kidney injury, rhabdomyolysis, hemolysis, need
for intubation or dialysis, and total length of hospital stay. It is our hope that further insights into the outcomes of
mass envenomations may shed some light on major trends in the hospital course, and whether any trends are
noticed in patients with comorbidities. The current literature on mass envenomations is often limited to various
case reports, and the lack of larger scale studies is also a motive for our research. It is hoped that this will
contribute to our understanding of the effects of a toxic venom load as well as have the potential to anticipate
clinical sequelae, especially in vulnerable patient populations.

Table 1: Patient Demographics variables and outcomes among all patients with mass
envenomations.

Table 3. shows the comparison of the continuous variables
and the instances of intubation, dialysis, and length of stay.
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Table 1. Demographics & Outcomes
Variables Values N=25

Age, years (mean, SD) 60.5 (15.3)
Gender (male, %) 15 (60.0)
Weight, kg (mean, SD) 79.9 (18.4)
Stings (n, %)

50 2 (8.00)
51 – 100 8 (32.0)

101 – 500 13 (52.0)
501 - 1000+ 2 (8.00)

CAD (yes, %) 4 (16.0)
Asthma (yes, %) 1 (4.00)
Hypertension (yes, %) 14 (56.0)
Diabetes Mellitus (yes, %) 9 (36.0)
Outcomes (yes, %)

Hgb < 8.0 Presentation 1 (4.00)
Hgb < 8.0 Nadir 2 (8.00)
Hgb < 8.0 Discharge 0 (0.0)

CK > 1000 Presentation 3 (12.0)
CK > 1000 Peak 11 (44.0)
CK > 1000 Discharge 8 (32.0)

Creatinine > 2.0 Presentation 4 (16.0)
Creatinine > 2.0 Peak 6 (24.0)
Creatinine > 2.0 Discharge 4 (16.0)

Intubated (yes, %) 5 (20.0)
Dialysis (yes, %) 2 (8.00)
Total LOS, hours (mean, SD) 84.2 (118.7)

Table 2. shows the comparison of the continuous variables with the laboratory values for hemoglobin, creatine kinase,
and creatinine during hospital admission. Presentation, peak/nadir, and discharge values for each lab are displayed
using the mean.
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Table 2 Demographics/Comorbidities and values for Hemoglobin, Creatine Kinase, and Creatinine
Hemoglobin CK Level Creatinine

Variables Presentation Nadir Discharge Presentation Peak Discharge Presentation Peak Discharge

Mean (g/dL) Mean (U/L) Mean (mg/dL)
Gender 

Female 12.8 11.3 11.5 247 1644 2551 1.36 1.36 1.11
Male 14.9 11.8 12.5 4068 10236 2199 2.29 2.65 1.97

Stings 
50 14.2 11.4 11.4 116 125 125 1.33 1.35 1.15

51 – 100 15.1 13.9 13.5 511 572 397 1.08 1.19 0.95
101 – 500 13.9 11.8 11.8 3425 990 3333 2.39 2.56 1.89
501 - 1000 10.6 8.85 9 301 24102 3250 0.8 3.95 3.08

CAD 
No 14.2 11.6 12.1 2987 8972 2621 1.77 2.11 1.59
Yes 13.3 11.5 12.5 555 3330 1110 2.3 2.3 1.83

Asthma 
No 13.9 11.5 12 2686 8555 2416 1.85 2.13 1.63
Yes 17.6 14.5 14.5 814 814 682 2.1 2.1 1.44

Hypertension 
No 13.5 10.1 11.3 5695 12564 1762 2.45 2.98 1.67
Yes 14.4 12.6 12.8 601 5184 2685 1.46 1.47 1.59

Diabetes 
No 13.9 10.9 11.7 3614 11794 2554 2.07 2.44 1.43
Yes 14.3 12.6 12.9 519 3016 1974 1.5 1.59 1.67

Table 3. Demographics/Comorbidities with relation to  Intubation 
or Dialysis, and Length of Stay

Variables Intubation Dialysis Total Length 
of Stay

N, % N, % Mean (hrs)
Gender 

Female 1 (10.0) 0 (0.0) 44.3
Male 4 (26.7) 2 (13.3) 110.7

Stings 
50 0 (0.0) 0 (0.0) 22.3

51 – 100 1 (12.5) 0 (0.0) 28.6
101 – 500 2 (15.4) 1 (7.69) 104
501 - 1000 2 (100.0) 1 (50.0) 236.5

CAD 
No 5 (23.8) 2 (9.52) 85.2
Yes 0 (0.0) 0 (0.0) 78.6

Asthma 
No 5 (20.8) 2 (8.33) 87.1
Yes 0 (0.0) 0 (0.0) 12.5

Hypertension 
No 3 (27.3) 2 (18.2) 121.2
Yes 2 (14.3) 0 (0.0) 55

Diabetes 
No 4 (25.0) 2 (12.5) 99.6
Yes 1 (11.1) 0 (0.0) 56.6
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