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ABSTRACT
Background: Macroscopic hematuria after wasp sting has been reported in Asia to occur before
acute kidney injury (AKI), and is often used by clinicians as a sign indicating the need for inten-
sive care and blood purification therapy. However, there is no study on the clinical characteristics
and prognosis of this symptom.
Methods: The clinical data of 363 patients with wasp sting admitted to Suining Central Hospital
from January 2016 to December 2018 were retrospectively analyzed. At admission, the poisoning
severity score (PSS) was used as the criterion for severity classification. According to the presence
of macroscopic hematuria, the patients were divided into macroscopic hematuria and non-
macroscopic hematuria group.
Results: Of the 363 wasp sting patients, 219 were male and 144 were female, with a mean age
of 55.9 ±16.3 years. Fifty-one (14%) had macroscopic hematuria, 39 (10.7%) had AKI, 105 (28.9%)
had rhabdomyolysis, 61 (16.8%) had hemolysis, 45 (12.4%) went on to received hemodialysis,
and 14 (3.9%) died. The incidence of AKI in macroscopic hematuria group was 70.6%, and oli-
guric renal failure accounted for 72.2%. Patients with macroscopic hematuria had significantly
higher PSS (2.2 ± 0.5 vs. 1.1 ± 0.3, p< .001).
Conclusion: Macroscopic hematuria can be regarded as a surrogate marker of deteriorating clin-
ical outcome following wasp stings. In wasp sting patients with symptoms of macroscopic hema-
turia or serum LDH higher than 463.5 u/L upon admission, the risk of AKI increases significantly,
therefore hemodialysis should be considered. The PSS is helpful in early assessment of the sever-
ity of wasp sting patients.
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Introduction

Wasps belong to the Order Hymenoptera in the Animal
Kingdom [1]. Currently, there are more than 6,000 spe-
cies of wasps in the world and more than 200 species
have been recorded in China [2,3]. Wasp stings are
common in the world. Epidemiological surveys in the
United States show that wasp stings account for
27.4%–29.7% of all animal injuries and the annual mor-
tality is 0.14–0.74/million population [4,5]. In
July–October 2013, 1,675 cases of wasp stings occurred
in Shaanxi Province of China, resulting in 42 deaths [6].
However, this global public health problem hasn’t
drawn adequate attention as there has no epidemio-
logical survey on wasp stings in China [7]. There is a
paucity of existing guidelines on the diagnosis and

treatment of wasp stings. Chinese Society of Toxicology
has prepared a consensus statement on the standar-
dized diagnosis and treatment of wasp stings [7].
Nevertheless, a wider application of this consensus cri-
teria is likely limited by the complex evaluation criteria.
In Europe, the poisoning severity score (PSS) is used to
guide initial assessment and appropriate medical care
assignment [8–11]. However, the PSS has not been
reported specifically for evaluating the severity of wasp
sting patients. While local symptoms of wasp sting
include redness, swelling, and pain, severe wasp sting
can lead to systemic allergic reaction, acute kidney
injury (AKI), rhabdomyolysis, hemolysis, shock, and even
death [3,12,13]. Xie, etc. [14] reported the occurrence
rate of macroscopic hematuria after wasp sting to be
10.1%. Macroscopic hematuria is visible to the naked
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eye and may appear pink, bright red, brown, or the
classic finding of tea colored urine [15,16]. Macroscopic
hematuria occurring after wasp sting often alerts clini-
cians to the likelihood of a serious medical condition
which may require intensive care admission, and in
some cases even plasmapheresis [7]. However, there
has not been any study looking at the clinical character-
istics and prognosis of wasp sting patients complicated
with macroscopic hematuria in particular. Suining
Central Hospital of Sichuan Province, China, is the only
tertiary grade A general hospital in the interior areas of
Sichuan Province, and most patients with severe wasp
stings were treated in our nephrology department and
ICU. Therefore, we undertook this study in which we
looked at the 363 patients with wasp sting from
January 2016 to December 2018 in Suining Central
Hospital, and we analyzed the clinical characteristics of
patients with macroscopic hematuria. In our study, we
used the PSS to evaluate the severity of wasp sting
patients upon admission so as to evaluate whether the
macroscopic hematuria and the PSS would be valuable
to predict the prognosis of severe wasp sting patients.

Materials and methods

Research subjects

The research subjects were patients with wasp sting
and hospitalized from 1 January 2016 to 31 December
2018 in the nephrology department or the Intensive
Care Unit (ICU) of Suining Central Hospital in Sichuan
province, China. The exclusion criteria were chronic kid-
ney disease (CKD), age less than 14 years old, and death
upon admission. CKD is defined as abnormalities of kid-
ney structure or function, present for >3months, with
implications for health [17]. For the diagnosis of CKD,
we did not only rely on the patients’ medical history,
but also kidney ultrasonography and baseline serum
creatinine with presence of proteinuria/hematuria. AKI
was defined by KDIGO definition criteria as any of the
following: increase in SCr by � 0.3mg/dL within 48 h;
or increase in SCr �1.5 times baseline, which is known
or presumed to have occurred within the prior 7 days;
or Urine volume < 0.5mL/kg/h for 6 h [18]. Creatine
kinase (CK) levels of 1000U/L, exceeding five times the
upper limit of normal, was used for diagnosing rhabdo-
myolysis [19]. We categorized them into macroscopic
hematuria group (n¼ 51) and non- macroscopic hema-
turia group (n¼ 312) according to the presence of
macroscopic hematuria. Microscopic hematuria was not
included in this study. The study was approved by the
Ethics Committee of Suining Central Hospital
(LLSNCH20200022).

Data collection

EpiData3.1 software was used to input the following
data: 363 patients’ demographic indicators, including
gender, age, number of stings, the time interval
between sting and admission, and previous medical his-
tory; main symptoms and signs such as hypotension,
allergic rash, macroscopic hematuria, and oliguria (or
anuria); the PSS at admission: The PSS grades severity
as (0) none, (1) minor, (2) moderate, (3) severe, and (4)
fatal poisoning. The severity grading takes into account
only the observed clinical symptoms and signs, it does
not estimate risks or hazards on the basis of informa-
tion such as the amounts ingested or serum concentra-
tions of the toxic agent [11]. According to the exclusion
criteria, patients with no symptoms (0) and those who
died upon admission (4) were excluded, thus the PSS
graded the patients into minor, moderate, and severe
poisoning levels; laboratory data of patients on admis-
sion, the 2nd and the 3rd day after admission, and the
day before discharge; severe complications such as AKI,
rhabdomyolysis, hemolysis, coagulation disorder, liver
dysfunction, MODS, and ARDS; procedures including
hemodialysis and plasmapheresis, state at discharge
(death or survival), and length of hospital stay.

Therapeutic schedule

Patients with wasp stings are rarely treated in out-
patient clinics. During pre-hospital first aid: given 0.9%
sodium chloride to hydration, and glucocorticoid or epi-
nephrine were given for allergic reactions. After admis-
sion, the stinger that could be found were removed
and the number of stings was counted. 0.9% sodium
chloride was given for hydration, and sodium bicarbon-
ate was used to alkalize the urine.

Therapeutic schedule of Rhabdomyolysis: 0.9%
sodium chloride was given for hydration, and sodium
bicarbonate was used to alkalize the urine. When serum
CK was over 1000U/L, diuretics were given to achieve
at least 300mL/h urine output.

Therapeutic schedule of AKI: Intravenous infusion of
glucocorticoid (Methylprednisolone 40mg/d intravenous
infusion) for 3–5days, and the dosage was gradually
reduced and discontinued for 7–10days. hydration and
diuresis for patients without oliguria or anuria, to achieve
at least 100–200mL/h urine excretion.

Blood purification treatment: We provided blood
purification therapy when patients with wasp sting had
macroscopic hematuria (14%) and if they had AKI (oli-
guria or KDIGO stage 3), and in some patients with CK
over 10000 u/L in the absence of AKI.
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Our patients were treated with glucocorticoids
(Methylprednisolone 40mg/d intravenous infusion) for
3–5 days in the presence of macroscopic hematuria,
AKI, or anaphylaxis, and the dosage was gradually
reduced and discontinued for 7–10 days.

Statistical methods

The data were analyzed by SPSS software version 19.0.
The enumeration data are represented by rate, and the
chi-square test was used for comparison between the
two groups. The measurement data conforming to the
normal distribution are represented by mean± standard
deviation (�x ± s), and the non-conforming normal distri-
bution by median M (P25, P75). Variables of the two
groups were compared by Mann-Whitney U test.
Spearman analysis was performed for the correlation
between macroscopic hematuria and the patients’ out-
come. Multivariate logistic regression model was used
to screen the risk factors of AKI, and then ROC curve
analysis was performed on the selected risk factors. A p-
value of less than .05 for 95% confidence was set and
used as a cutoff point to examine the statistical associ-
ation between the variables.

Results

Demographic characteristics

From January 2016 to December 2018, 390 patients
with wasp sting presented to Suining Central Hospital.
Three hundred sixty-three were included in the study.
Twenty-four patients refused to be hospitalized and
three patients were excluded from the study as they
already had CKD based on their medical history and
ultrasonography. Sixty percent patients were male with
a mean age of 55.9 ± 16.3 years (Table 1). The time inter-
val between sting and admission was 3(0.5–144) hours,
and the PSS was 1.2 ± 0.5 points on admission.
Fourteen patients died with a mortality of 3.9%. Eight
patients died on the first day of admission, followed by
three each on second and third day. The most common
cause of death was ARDS (9/14) followed by MODS (4/
14) (Table 1). Figure 1 shows the monthly distribution
of patients with macroscopic hematuria, rhabdomyoly-
sis, hemolysis, AKI, ICU and death after wasp sting.

Clinical manifestations

Almost all patients had local symptoms such as redness,
swelling, and pain at the sting site. Thirty-nine patients
(10.7%) had AKI, 7(17.9%) patients in stage1, 9 (23.1%)
in stage2, 23 (59%) in stage 3. Fifty-one patients (14%)

had macroscopic hematuria, 61 patients (16.8%) devel-
oped hemolysis, and 105 patients (28.9%) developed
rhabdomyolysis. Forty-five patients (12.4%) underwent
blood purification therapy, and 7 patients (1.9%) were
admitted to ICU. Of the 7 patients admitted to ICU, five
were directly admitted to ICU for need of endotracheal
intubation, and 2 were transferred from nephrology
department (Table 1).

Comparison of clinical data between the
two groups

There was no statistical difference in gender compos-
ition between patients with macroscopic hematuria and
patients with non-macroscopic hematuria (p¼ .089).
The average age of patients with macroscopic hema-
turia was higher than that of patients with non-macro-
scopic hematuria (65 years vs 54 years, p< .001). The
number of stings, the time interval between stings and
admission, and the PSS on admission in patients with
macroscopic hematuria group were higher than those
in patients with non-macroscopic hematuria group, and
the hospitalization days were significantly prolonged
(p< .001). Thirteen patients (25.5%) died in the macro-
scopic hematuria group, and 1 patient (0.3%) died in
the non-macroscopic hematuria group (p< .001). The
patient in the non-macroscopic hematuria group died
of respiratory failure in the setting of chronic obstruct-
ive pulmonary disease. Although there was no statis-
tical difference in the duration of blood purification
therapy between these two groups, the time of blood

Table 1. Clinical data of wasp sting patients (n¼ 363).
Variable Value

Age (years) 55.9 ± 16.3
Gender (M: F) 219:144
Number of stings 9 (4.15)
Interval (hours)� 3 (2.5)
Poisoning severity score 1.2 ± 0.5
Hospitalization Days (day) 4 (3.6)
Allergic rash n (%) 50 (13.8)
Macroscopic hematuria n (%) 51 (14%)
Hypotension n (%) 20 (5.5)
AKI n (%) 39 (10.7)
AKI stage1 7
AKI stage2 9
AKI stage3 23

Rhabdomyolysis n (%) 105 (28.9)
Hemolysis n (%) 61 (16.8)
Oliguria or anuria n (%) 27 (7.4)
Coagulation abnormalities n (%) 139 (38.3)
Liver damage n (%) 82 (22.6)
Dialysis n (%) 45 (12.4)
MODS�� n (%) 56 (15.4)
ARDS# n (%) 13 (3.6)
ICU## n (%) 7 (1.9)
Death n (%) 14 (3.9)
�The time interval between sting and admission, ��Multiple Organ
Dysfunction Syndrome, #Acute Respiratory Distress Syndrome, ##Intensive
Care Unit.
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purification therapy in the macroscopic hematuria
group was significantly prolonged (Table 2).

Comparison of complications between the
two groups

No allergic rash was seen in the macroscopic hematuria
group (p¼ .001). One patient developed hypotension in

the macroscopic hematuria group compared to 19 in
the non-macroscopic hematuria group (p¼ .332). The
incidence of oliguria (or anuria), rhabdomyolysis, hem-
olysis, coagulation abnormalities, liver damage, MODS,
ARDS in the macroscopic hematuria group was higher
than that in the non-macroscopic hematuria group.
Seven patients (13.7%) in the macroscopic hematuria
group were admitted to ICU, while no patients in the
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95.6% of wasp stings occurred in July-November. AKI, rhabdomyolysis, 
hemolysis, and admission to ICU mainly occurred in July-December, and 
death only occurred in September-November.

Figure 1. Monthly distribution of patients with severe complication.

Table 2. Clinical data between non-macroscopic hematuria and macroscopic hema-
turia group.

Variable

non-macroscopic
hematuria

group (n¼ 312)

macroscopic
hematuria

group (n¼ 51) p

Age (years) 54.4 ± 16.7 65.2 ± 9.5 <.001
Gender (M: F) 194:118 25:26 .089
Number of stings 7 (3.10) 30 (19.33) <.001
Interval (hours)� 3 (2.4) 6 (4.12) <.001
Poisoning severity score 1.1 ± 0.3 2.2 ± 0.5 <.001
Hospitalization Days (day) 4 (3.6) 11 (3.21) <.001
Allergic rash n (%) 50 (16) 0 (0) .001
Hypotension n (%) 19 (6.1) 1 (2) .332
AKI n (%) 3 (1) 36 (70.6) <.001
AKI stage1 0 7
AKI stage2 1 8
AKI stage3 2 21

Rhabdomyolysis n (%) 55 (17.6) 50 (98) <.001
Hemolysis n (%) 15 (4.8) 46 (90.2) <.001
Oliguria or anuria n (%) 1 (0.3) 26 (51) <.001
Coagulation abnormalities n (%) 90 (28.8) 49 (96.1) <.001
Liver damage n (%) 35 (11.2) 47 (92.2) <.001
Dialysis n (%) 5 (1.6) 40 (78.4) <.001
Dialysis time (day) 3 (2.5, 5.5) 7 (2, 19.7) .268
MODS�� n (%) 8 (2.6) 48 (94.1) <.001
ARDS# n (%) 0 (0) 13 (25.5) <.001
ICU## n (%) 0 (0) 7 (13.7) <.001
Death n (%) 1 (0.3) 13 (25.5) <.001
�The time interval between sting and admission, ��Multiple Organ Dysfunction Syndrome, #Acute
Respiratory Distress Syndrome, ##Intensive Care Unit.
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non-macroscopic hematuria group were admitted to ICU
(p< .001). Thirty-six (70.6%) patients with macroscopic
hematuria developed AKI, compared to 3 (1%) patients
with non-macroscopic hematuria (p< .001). Forty patients
(78.4%) in the macroscopic hematuria group received
hemodialysis compared to 5 (1.6%) in the non-macro-
scopic hematuria group (p< .001) (Table 2).

Comparison of laboratory examination results
between the two groups

At the time of admission and the 2nd–3rd day after
admission, the serum creatinine, creatine kinase (CK),
aspartate aminotransferase (AST), indirect bilirubin
(IBIL), alanine transaminase (ALT), prothrombin time
(PT), activated partial thromboplastin time (APTT), lac-
tate dehydrogenase (LDH), leukocyte (WBC) values in
the macroscopic hematuria group were higher than

those in the non-macroscopic hematuria group
(p< .001). Serum creatinine and LDH tested before dis-
charge were still significantly higher in the macroscopic
hematuria group than that in the non-macroscopic
hematuria group (p< .001) (Table 3).

Spearman analysis between macroscopic
hematuria and patients’ outcome

A Spearman correlation analysis indicated that macro-
scopic hematuria was related to the patients’ outcome
(r¼ 0.454, p< .001) (Table 4).

Multivariate logistic regression analysis

The PSS was one risk factor for death in wasp sting
patients (OR ¼ 6.768, 95%CI 1.981–23.120, p¼ .002)
(Table 5).

Table 3. Lab examination between non-macroscopic hematuria and macroscopic hematuria group.

Variable
non-macroscopic

hematuria group (n¼ 312)
macroscopic

hematuria group (n¼ 51) p

Creatinine On admission 0.7 (0.6, 0.9) 1.0 (0.8, 1.8) <.001
(0.7–1.2mg/dL) The 2nd–3rd day 0.8 (0.6, 0.9) 1.7 (0.8, 3.5) <.001

Pre-discharge 0.7 (0.6, 0.8) 1.7 (0.8, 2.3) <.001
Creatine kinase On admission 174 (108.5, 318) 1785.5 (565, 5581.7) <.001
(40–200U/L) The 2nd–3rd day 516 (142.2, 1525) 5408.5 (2446.7, 18127.5) <.001

Pre-discharge 83 (46, 285) 91.5 (38.2, 260) .603
AST� On admission 33 (26, 45) 419 (168, 776.7) <.001
(13–35U/L) The 2nd–3rd day 41 (27, 72.5) 441 (197, 903) <.001

Pre-discharge 28 (20.5, 45) 24 (18, 44) .332
Indirect bilirubin On admission 0.5 (0.3, 0.7) 2.3 (1.5, 3.6) <.001
(0–1.0mg/dL) The 2nd–3rd day 0.2 (0.2, 0.4) 1.3 (0.8, 2.4) <.001

Pre-discharge 0.3 (0.2, 0.4) 0.2 (0.2, 0.6) .947
ALT�� On admission 21 (16, 31) 104 (46.7, 288) <.001
(7–40U/L) The 2nd–3rd day 33 (22, 53) 138.5 (50.7, 390.2) <.001

Pre-discharge 32.5 (22, 55) 28 (15, 92) .576
PT# On admission 13.6 (13, 14.5) 14.7 (13.6, 15.7) <.001
(11–14.5s) The 2nd–3rd day 13 (12.4, 13.7) 14.3 (13.4, 15.2) <.001

Pre-discharge 12.7 (12.1, 13.2) 13.6 (12.1, 14.2) .091
APTT## On admission 46.2 (36.2, 85.9) 111.9 (84.2, 176.8) <.001
(26–40s) The 2nd–3rd day 34 (31, 38) 60.2 (36.9, 176.8) <.001

Pre-discharge 32.9 (29.6, 36.1) 37.5 (33.1, 40.4) .003
LDH On admission 206 (177, 248) 1211 (868, 1945) <.001
(120–250U/L) The 2nd–3rd day 212 (164.2, 301.5) 1462 (838.7, 2182) <.001

Pre-discharge 184.5 (156.2, 248.7) 475 (299, 637) <.001
Leukocyte On admission 11 (8, 14.9) 21.9 (15.5, 27.5) <.001
(3.5–9.5�109/L) The 2nd–3rd day 10.9 (8.8, 13.6) 17.3 (13.9, 23.2) <.001

Pre-discharge 8.8 (6.9, 10.3) 9.1 (6.6, 13.9) .306
Hemoglobin (130–175g/L) On admission 140 (126, 151) 129 (112, 140) <.001

The 2nd–3rd day 126 (113, 139) 103 (85, 115) <.001
Pre-discharge 124 (112, 143) 81 (74, 94) <.001

Platelet (125–350�109/L) On admission 171 (126, 215) 201 (120, 251) .096
The 2nd–3rd day 167 (131, 206) 95 (63, 123) <.001
Pre-discharge 182 (139, 223) 178 (123, 218) .548

Calcium (2.08–2.8mmol/L) On admission 2.25 (2.13, 2.36) 2.08 (1.88, 2.24) <.001
The 2nd–3rd day 2.09 (1.99, 2.29) 1.95 (1.85, 2.12) <.001
Pre-discharge 2.17 (2.08, 2.27) 1.95 (1.79, 2.12) <.001

Urea (2.86–8.2mmol/L) On admission 5.53 (4.75, 7.03) 8.58 (7.05, 13.6) <.001
The 2nd–3rd day 5.88 (4.72, 7.93) 9.88 (7.48, 19.00) <.001
Pre-discharge 6.17 (5.06, 7.18) 8.14 (6.09, 13.21) <.001

Potassium (3.5–5.3mmol/L) On admission 3.43 (3.21, 3.77) 4.0 (3.51, 4.36) <.001
The 2nd–3rd day 3.05 (2.78, 3.44) 3.69 (2.99, 4.14) <.001
Pre-discharge 3.09 (2.70, 3.52) 3.56 (2.96, 3.82) .022

�Aspartate aminotransferase, ��Alanine transaminase, #Prothrombin time, ##Activated partial thromboplastin time.
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We took the data of laboratory examination with sig-
nificant difference at admission (AKI group and non-AKI
group) (Table 6) as independent variables and per-
formed a multivariate logistic regression analysis of AKI
in wasp sting patients. The results showed that LDH
was an independent risk factor for AKI (OR ¼ 1.006,
95%CI 1.004–1.007, p< .001) (Table 7).

ROC curve analysis

The AUC of the PSS on admission to predict death of
wasp sting patients was 0.911(95%CI 0.870–0.952,
p< .001) (Figure 2).

The AUC of serum LDH on admission to predict AKI
of wasp sting patients was 0.980(95%CI 0.966–0.995,
p< .001) (Figure 3).

The AUC of number of stings to predict AKI of wasp
sting patients was 0.875(95%CI 0.826–0.925, p< .001)
(Figure 3).

Discussion

The current study is a retrospective analysis showing
clinical features of patients with wasp sting in Suining
Central Hospital, Sichuan, China. Macroscopic hematuria
after wasp sting is not rare in Asian countries [6,14,20].
Our study shows that 14% of the patients with wasp
sting had macroscopic hematuria, and this was only
seen in the summer and fall months from July through

December. More than half of patients with macroscopic
hematuria (51%) developed oliguria (or anuria). More
than 70% of patients with macroscopic hematuria had
AKI, and the mortality was 25.5%. The poisoning sever-
ity score (PSS) in patients with macroscopic hematuria
was significantly higher than that in patients with non-
macroscopic hematuria (2.2 ± 0.5 vs. 1.1 ± 0.3, p< .001).
The PSS was one risk factor for death in wasp
sting patients.

Wasp venom contains a variety of bioactive compo-
nents, such as enzymes (including phospholipase, hya-
luronic acid), amines (including histamine, serotonin,
catecholamine), peptides (including wasp venom pep-
tide, wasp kinin) [12]. Phospholipase damages the cell
membrane by attacking the phospholipid structure,
which has a toxic effect on skeletal muscle and erythro-
cyte membrane, leading to rhabdomyolysis and intra-
vascular hemolysis [21–23]. Wasp venom peptide can
also independently cause muscle necrosis and cell
apoptosis [12,24]. Venom induced rhabdomyolysis and
intravascular hemolysis leads to a release of muscle
enzymes such as creatine kinase and muscle protein
such as myoglobin, free hemoglobin (from red blood
cells) in the intravascular circulation [25]. Once in the
circulation, these muscle (heme) proteins gets freely fil-
tered through the glomeruli and eventually exceed the
tubular reabsorption capacity of renal tubules resulting
in macroscopic hematuria [16]. Kidney biopsy study in
wasp sting-induced kidney injury has demonstrated
deposition of myoglobin and hemoglobin in renal
tubules [26–28].

In developed countries, wasp stings are mainly mani-
fested in varying degrees of allergic-reactions, therefore
their treatment mainly focuses on desensitization and
antiallergic treatment [5,29,30]. On the other hand, in
China, wasp sting patients are mainly characterized by
more severe and life-threatening presentations such as
MODS, ARDS and non-allergic shock [13,14], which was

Table 4. Spearman analysis between macroscopic hematuria
and the patients’ outcome.

Outcome

SummationSurvival Death

Macroscopic hematuria
No 311 1 312
Yes 38 13 51

Summation 349 14 363

Spearman analysis, r¼ 0.454 p< .001.

Table 5. Multivariate logistic regression analysis of death in
wasp sting patients.
Variable b Wald v2 p OR 95%CI

Poisoning severity score 1.912 9.306 .002 6.768 1.981–23.120

H-L test X2 ¼ 0.826, p¼ .999.

Table 6. Lab examination on admission between non-AKI and AKI group.
Variable non-AKI group (n¼ 324) AKI group (n¼ 39) p

Creatine kinase (40–200U/L) 181.5 (110, 327.75) 1841 (568, 5542.5) <.001
AST� (13–35U/L) 33 (26, 49) 448.5 (160.75, 1149.25) <.001
ALT�� (7–40U/L) 21 (16, 32) 104 (50.75, 556.25) <.001
Indirect bilirubin (0–1.0mg/dL) 0.45 (0.30, 0.79) 2.83 (1.56, 3.98) <.001
LDH (120–250U/L) 207 (178, 254.5) 1562 (832.5, 2089) <.001
Leukocyte (3.5–9.5� 109/L) 11.3 (8.1, 15.42) 21.9 (15.6, 28.1) <.001
�Aspartate aminotransferase, ��Alanine transaminase.

Table 7. Multivariate logistic regression analysis of AKI in
wasp sting patients.
Variable b Wald v2 p OR 95%CI

LDH 0.006 46.709 <.001 1.006 1.004–1.007

H-L test X2 ¼ 14.555, p¼ .068.
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also shown in our cohort. Population based data from
United States and Sweden shows that wasp stings mostly
occur in summer and autumn months when the climate
is warm and hence there is more outdoor activity and
thus subsequent an increased exposure to wasps [31,32].
In our study as well, 95.6% of wasp stings occurred in the
months of July through November. Severe complications
such as AKI, rhabdomyolysis, hemolysis, and admission to

ICU mainly occurred in July-December, but death was
documented to only happen in September-November
months. This regional and seasonal difference may be
related to the different wasp species in different regions
and seasons, and the different components and virulence
of wasp venom [21,33,34].

Prior study has shown that macroscopic hematuria
associated with wasp sting generally occurs 4–12 h after

Figure 2. The poisoning severity score on admission to predict death of wasp sting patients.

Figure 3. LDH on admission and number of stings to predict AKI of wasp sting patients. LDH on admission AUC ¼ 0.980(95%CI
0.966–0.995), CUTOFF ¼ 463.5u/L Youden index ¼ 0.906 Number of stings AUC ¼ 0.875(95%CI 0.826–0.925), CUTOFF ¼ 11.5,
Youden index ¼ 0.663.

506 M. WANG ET AL.



sting, and tends to occur earlier than AKI [35]. In our
cohort, 14% of wasp sting patients presented with
macroscopic hematuria, and the incidence of serious
complications such as AKI, MODS, and ARDS of these
patients were significantly higher than those reported
by Xie, etc.[14]. Patients admitted to ICU only occurred
in the macroscopic hematuria group, and almost 92.8%
of the death were from the macroscopic hematuria
group. Spearman analysis also demonstrated that
macroscopic hematuria was related to patients’ out-
come (r¼ 0.454, p< .001). Thus, we suggest that macro-
scopic hematuria may be regarded as a surrogate
marker of worse clinical outcomes following wasp
stings. These patients also had a higher PSS at the time
of admission. PSS is already used in Europe to assess
the severity of poisoned patients (including environ-
mental toxins), with simple and accurate characteristics
[9,36]. Multivariate logistic regression analysis showed
that the PSS was also an independent risk factor for
death in wasp sting patients (OR ¼ 6.768, 95%CI
1.981–23.120, p¼ .002). The ROC analysis of the PSS for
predicting death in wasp sting patients shows that
when the PSS over 1.5, the risk of death was increased
with high accuracy (AUC ¼ 0.911). In brief, the PSS is
helpful in early assessment of the severity of wasp sting
patients and is worthy of promotion in clinical practice.

The serum creatine kinase, aspartate aminotransfer-
ase, lactate dehydrogenase, and indirect bilirubin of
patients with macroscopic hematuria were significantly
higher than those of patients with non-macroscopic
hematuria on admission and the 2nd–3rd day after
admission, which indicated that patients with macro-
scopic hematuria experienced more severe and pro-
longed rhabdomyolysis and intravascular hemolysis.
Prior studies have suggested that rhabdomyolysis, intra-
vascular hemolysis, and direct nephrotoxicity of wasp
venoms are the main causes of AKI in patients with
wasp stings [37–41], and 77–90% of the pathology
were ATN [42,43]. The kidney injury is exacerbated in
low volume states which accompany severe wasp sting
due to development of shock [16,44]. AKI is the most
common and serious outcome following wasp sting
[12,45,46]. Ten-point seven percent of our patients
developed AKI, 82% of patients with AKI had stages 2/3
of kidney injury by KDIGO criteria. The incidence of oli-
guric AKI was as high as 72.2% in macroscopic hema-
turia group, and most of them required blood
purification treatment. In Xie’s literature, the overall
incidence of AKI was higher in the group with more
than 10 stings [14]. The ROC analysis of our patients
showed that AKI incidence increased when the stings
was higher than 11 (AUC ¼ 0.875, 95%CI 0.826–0.925,

p< .001). Among biochemical parameters, serum LDH
upon admission was found to be an independent
marker for AKI. Zhang, etc. has shown that elevated
serum LDH was associated with AKI in wasp sting
patient population [13,35]. ROC analysis of LDH for pre-
dicting AKI in wasp sting patients shows in our study
that when serum LDH was over 463.5 U/L, the risk of
AKI in wasp sting patients increased, with high accuracy
(AUC ¼ 0.980, 95%CI 0.966–0.995, p< .001). Thus,
greater number of sting and elevated LDH on admis-
sion (> 463.5 u/L) are associated with greater risk of AKI
and therefore should alert clinicians of more serious
outcomes such as need of hemodialysis.

In the macroscopic hematuria group, the serum cre-
atinine of 25 patients complicated with AKI did not
return to normal at discharge (1.3–10.5mg/dL). Only 8
patients were followed up in outpatient for 2–8months,
and renal function was not fully recovered in 4 patients
(creatinine 1.28–2.65mg/dL). According to Zhang’s
report, 10.7% of patients with wasp sting complicated
with AKI will progress to CKD [13]. We have evidence
from population based studies that a subset of patients
with AKI progress to CKD [47]. It would be therefore be
advisable for such patients to be followed in nephrol-
ogy clinic after their discharge. However, this result
may also be related to the short hospitalization time of
our patients (average 11 days), because, according to
Ambarsari’s report, the cure of acute kidney injury after
wasp sting takes 3–6weeks [42].

Our research also has limitations. Ours is a retro-
spective study, hence there may be selection bias in
addition to possible confounding. The study data came
from a single center and we did not have complete
information such as wasp species, sting site, prognosis
and follow-up of patients with AKI. We did not consider
the possible effect of microscopic hematuria, and we
also didn’t distinguish between hemoglobinuria and
myoglobinuria. Although the PSS has a high accuracy in
predicting the prognosis of wasp sting patients, the
severity of wasp sting patients from our study high-
lighted that the number of stings, time of the year also
correlate with worse outcomes. PSS criteria may benefit
with incorporation of these variables. Twelve patients
had diabetes, but no evidence of diabetic nephropathy
was found. Our study did not adjust for risk of AKI with
preexisting diabetes. To our knowledge, this is the larg-
est study in terms of study subject number to review
macroscopic hematuria in wasp sting patients in terms
of clinical features and outcomes.

In conclusion, macroscopic hematuria is one of the
early and important markers of adverse outcomes in
patients with wasp sting, and thus, can alert the
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clinicians to initiate prompt and careful monitoring of
such patients. In wasp sting patients with symptoms of
macroscopic hematuria or serum LDH higher than
463.5 u/L upon admission, the risk of AKI increases sig-
nificantly, therefore hemodialysis should be considered.
The poisoning severity score is helpful in early assess-
ment of the severity of wasp sting patients.
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