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INTRODUCTION

Patients with cystic echinococcosis (CE) are often asymp-
tomatic, and CE is frequently an incidental finding [1]. Com-
plications can be serious in cases of cyst rupture, which may 
cause secondary infection and anaphylactic shock. Anaphylac-
tic shock after cyst rupture is induced by cystic fluid overflow 
due to surgery, trauma, or spontaneous cyst rupture, and the 
incidence is as high as 2.0% in clinical practices [2,3]. Inap-
propriate treatment could result in serious outcomes and even 
death [4]. Anaphylactic shock is associated with inter-individ-
ual differences and hypersensitivity, while the severity and 
speed of anaphylactic shock is associated with the amount of 
specific antibodies. The levels of antibodies vary with the size, 
number, and site of Echinococcus infection [5]. The anaphylac-
tic shock induced by echinococcosis can be cytotoxic and is 
mainly the result of synergistic effects of type 1 immediate hy-
persensitivity and endotoxic shock [4,6-9]. Large amounts of 

vasoactive substances are found in CE and could induce vaso-
motor dysfunction and result in peripheral circulatory failure.

However, the clinical presentations and immunological 
characteristics of anaphylactic shock that is experienced by 
some patients are substantially different from type 1 immedi-
ate hypersensitivity [9]. Therefore, the usual methods for type 
1 immediate hypersensitivity in the treatment of anaphylactic 
shock induced by echinococcosis have limited success, and 
may even affect the prognosis of the patients, but available 
data are limited [4,10]. Anaphylactic shock induced by echino-
coccosis during operation is generally unanticipated [10,11]. In 
addition, the types and levels of specific antibodies released 
from the cysts are changing with disease course; these specific 
antibodies play critical roles in echinococcosis-induced ana-
phylactic shock [12].

The diagnosis of echinococcosis is relatively straightforward 
using various imaging methods [13], but it may be difficult to 
predict which patients will develop anaphylaxis [4,13,14]. In 
the present study, we retrospectively analyzed the clinical and 
immunological data of patients with echinococcosis who de-
veloped anaphylactic shock in the perioperative period to 
identify the associated factors and to provide some evidence 
for prevention and treatment of this complication.
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Abstract: This retrospective case-control study explored the factors associated with anaphylactic shock during surgery 
for cystic echinococcosis (CE) at the First Affiliated Hospital of Xinjiang Medical University between October 2008 and 
September 2013. Patients who suffered from anaphylactic shock (n=16) were age-matched 3:1 to patients who did not 
(n=43). Multivariate analysis suggested that IL-4 levels (odds ratio=1.096; 95% confidence interval=1.015-1.185; 
P=0.02) and cyst size (odds ratio=3.028, 95% confidence interval=1.259-7.283, P=0.013) were independently associ-
ated with CE-induced perioperative anaphylactic shock. Using the receiver operating characteristic (ROC) curves and a 
cut-off value of 415.7 ng/ml, IL-4 showed an area under the ROC (AUC) of 0.926, sensitivity of 75.0%, and specificity of 
97.7%. Using a cut-off value of 7.8 cm, cyst size showed an AUC of 0.828, sensitivity of 81.3%, and specificity of 76.7%. 
In conclusion, results suggest that levels of IL-4 and cyst size were independently associated with echinococcosis-in-
duced perioperative anaphylactic shock. These results could help identifying patients with echinococcosis at risk of ana-
phylactic shock in whom appropriate prophylaxis could be undertaken.
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MATERIALS AND METHODS

Patients
This was a retrospective case-control study performed using 

a subgroup from a total of 1,426 surgically-treated patients 
with echinococcosis who were hospitalized at the First Affiliat-
ed Hospital of Xinjiang Medical University between October 
2008 and September 2013. These patients were identified from 
the hospital's medical database. All patients presenting with a 
parasitic infection were prospectively entered in this database. 
Among these 1,426 patients, 18 suffered from anaphylactic 
shock due to cystic fluid outflow during surgery, 2 cases of 
which missing data for the cyst size were excluded. For each of 
these patients, 3 age-matched controls (n= 43) with pulmo-
nary or hepatic echinococcosis and who were found with cys-
tic fluid outflow during the operation but did not develop 
anaphylactic shock were selected from the patients with echi-
nococcosis.

In this study, all patients were with Echinococcus granulosus. 
Patients who met 1 or more of the following criteria were ex-
cluded: 1) with other co-infections, including viral hepatitis, 
AIDS, or syphilis; 2) a history of anaphylactic shock from any 
other cause; or 3) any chronic or acute organ diseases.

Anaphylactic shock was diagnosed according to the criteria 
by Sampson et al. [15] from the National Institute of Allergy 
and Infectious Diseases, USA. In brief, patients with the fol-
lowing symptoms within several minutes to several hours were 
diagnosed with anaphylactic shock: 1) blood pressure sharply 
decreased to < 80/50 mmHg after cystic fluid outflow or sys-
tolic pressure decreased by more than 30% of the basal blood 
pressure; and 2) allergy-related symptoms, including lesions of 
the skin and mucosa (wheal, pruritus all over the body, and 
oral edema) and airway obstruction (such as asphyxia, asth-
ma, tracheospasm, stridor, and reduced peak expiratory flow 
before or at the same time as the blood pressure decrease. 

This study was approved by the ethics committee of the First 
Affiliated Hospital of Xinjiang Medical University, China.

Surgery
The surgical methods included endo-cystectomy, extra-cys-

tectomy, and endo- plus extra-cystectomy [15], which was se-
lected by the surgeon according to each patient's conditions. 
The surgical principle was to remove the endocyst, to avoid 
spillage of cyst contents, to resect the residual extra-cyst lumens, 
and to prevent infection [2]. The specific surgical approach was 

determined by the size of the cyst, and the presence or absence 
of biliary fistula, inflammation, or calcification.

For example, endocystectomy is the most commonly used 
approach for hepatic CE. After surgical exposure of the hepatic 
CE, the incision and surrounding organs are protected using a 
moistened gauze pad overlapped by a layer of gauze contain-
ing 10% hypertonic saline solution (hypertonic saline solution 
can kill the larva in the cyst [15]). When the pericyst, in partic-
ular those with a high tension, is opened, varying degrees of 
cyst content spillage will occur. In the absence of biliary fistula, 
10% hypertonic saline solution is re-infused to kill the larva 
and is aspirated 15 min later. After such infusion and aspira-
tion is repeated for 2-3 times, fluids inside the cyst should be 
maximally drained. Patients who developed perioperative ana-
phylactic shock were under continuous monitoring by the an-
esthesiologists.

Data collection
Demographic and immunological data of 59 patients (16 

with anaphylactic shock and 43 without anaphylactic shock) 
were collected from the standard questionnaires that are filled 
for all patients with suspected CE at hospital admission, and 
analyzed. Demographic data (age, sex, height, weight, ethnici-
ty, blood type, history of allergy, place of residence, time of 
contact with dogs, cows or sheep, and family history of aller-
gy), clinical symptoms (rash, stridor, the lowest blood pressure 
at shock, the highest airway pressure, hypoxemia, oxygen satu-
ration at the lowest pulse, and arrhythmia), laboratory exami-
nations (anti-EgCF, anti-EgP, anti-EgB, and anti-Em2), blood 
routine examination (blood cell counts, hemoglobin, and he-
matocrit), biochemical examinations (total protein, albumin, 
globulin, A-albumin, α1-globulin, α2-globulin, β1-globulin, 
β2-globulin, and γ-globulin), imaging data (type of imaging 
examination, site, number, and size of cysts, number of daugh-
ter cysts, rupture of cyst, infection, and imaging diagnosis), 
and immunological examinations (IgE, IgG, IgG1, IL-4, IL-10, 
IFN-γ, and TNF-α) were retrieved from the medical charts. All 
laboratory tests were performed the day before surgery. These 
data/tests were all standard data that were documented when 
patients with suspected CE visited our hospital. 

IL-4 (sensitivity: 2 ng/L; detection range: 16.6-1,000 ng/L), 
IL-10 (sensitivity: 7 pg/ml; detection range: 15.6-1,000 pg/ml), 
INF-γ (sensitivity: 4 ng/L; detection range: 15.6-1,000 ng/L), 
TNF-α (sensitivity: 4 pg/ml; detection range: 15.6-1,000× 10-6 
µg/ml), IgE, IgG, and IgG1 (for all 3 items, sensitivity: 1.0 ng/
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ml; detection range: 0-800 ng/ml) were tested using ELISA kits 
(BD Biosciences, San Jose, California, USA), according to the 
manufacturer's instructions.

Anti-EgCF, anti-EgP, anti-EgB, and anti-Em2 were tested us-
ing the Dot Immunogold Filtration Assay (DIGFA) kit for hu-
man echinococcosis (Xinjiang Beisiming Biotechnology De-
velopment Co., Urumqi, Xinjiang) (catalog # Q/XZF002-
2015). This kit has been described by Feng et al. [16]. The 
membrane has 4 dots; A, B, C, and D (Supplementary Fig. 1) 
that are coated with hydatid cystic fluid antigen, scolex anti-
gen, semi-purified cystic fluid antigen, and alveolar hydatid 
specific antigen Em2, respectively. In the center of the nitrocel-
lulose membrane, there is a dot coated with normal serum as 
quality control (Supplementary Fig. 1). Briefly, 2 drops of 
whole blood were taken from the earlobe and mixed with 2 
drops of potato agglutinin, diluted with 3 drops of solution A, 
and transferred to the wells of the reaction plate. The plate was 
washed with 3 drops of solution B. The background signal was 
washed away with 3 drops of solution B. The plate was then 
read. Red dots in the corners of the blot were considered posi-
tive; otherwise, it was negative (Supplementary Fig. 2). Based 
on the intensity of the color, positive results could be classified 
into + (if the color is close to that of the quality control spot in 
the center of the blot), ++ (if the color is the same as the quali-
ty control spot), +++ (if the color is more intense than the 
quality control spot). The positive initial screening was deter-
mined by positive signals in wells A and B. E. granulosus was 
determined by positive signals in wells A, B, and C. Alveolar 
echinococcosis was determined by positive signals in wells A, 
B, and D.

The cyst size was recorded, and the cysts were classified ac-
cording to the WHO imaging-based classification [17,18]. CE1 
(single cyst); the hydatid cyst if filled with water-like fluid. CE2 
(multiple cysts); multiple small ball-shaped dark images or 
halo can be seen in the dark area of the mother cyst, which 
forms the characteristic picture of “cyst in cyst”. CE3 (broken 
inner cyst); when the inner cyst broke, fluid goes to the space 
in between inner and outer walls and a “lens of cyst” sign is 
displayed. CE4 (solid cyst); hydatid cyst regresses gradually 
and shrinks. CE5 (calcification); during the prolonged stage of 
E. granulosus, the outer wall becomes hypertrophic with calci-
um deposition or totally calcified.

Treatment data and patient outcomes (including the devel-
opment, duration, treatments, and outcomes of anaphylactic 
shock) included: 1) general characteristics (time of echinococ-

cosis diagnosis, fever, history of cystectomy, comorbidities, his-
tory of anti-echinococcosis medical therapy, operation meth-
od, and use of glucocorticoids before cyst isolation); 2) data 
during the shock (rupture of cysts, outflow of cystic fluid, vol-
ume of outflowed cystic fluid, property of the cystic fluid, and 
the site of outflow), and time between cyst puncture and 
shock (min); 3) treatments (pure oxygen inhalation, use of 
epinephrine, use of dopamine, use of adrenocortical hor-
mones, type of fluid therapy, and volume of fluid infusion).

Statistical analysis
Matching was performed using the database of cases of echi-

nococcosis treated at our hospital. SPSS 19.0 software (IBM, 
Armonk, New York, USA) was used for statistical analyses. If 
normally distributed, data are expressed as means± SD, and 
were compared using the independent samples t-test. If the 
data were not normally distributed, they were expressed as 
median (range), and compared using the Mann-Whitney U 
test. Categorical variables were expressed as proportions, and 
were compared using the Fisher’s exact test or the chi-square 
test, as appropriate. Multivariate logistical regression analysis 
was used to identify factors associated with anaphylactic 
shock.

Selected variables with P-values < 0.5 in the univariate anal-
yses were considered for inclusion in the regression model, 
but because the sample size was small, categorical variables 
were not considered for the regression model. Finally, IL-4, 
IgE, IgG, TNF-α, and cyst size were considered for inclusion in 
the regression model. The discriminative ability to identify 
anaphylactic shock with risk markers of IL-4 and cyst size was 
verified using the area under the receiver operating characteris-
tic (ROC) curve (AUC). P < 0.05 was considered statistically 
significant.

RESULTS

Characteristics of the patients
General characteristics of the patients are presented in Table 

1. Eight males and 8 females were selected as the shock cases, 
while 20 males and 23 females were selected as the control 
group. The age, gender, height, weight, personal and familial 
allergic history, living with a dog, WHO imaging classification, 
and number of cysts were comparable between the 2 groups. 
The levels of globulin, A-globulin, α1-globulin, α2-globulin, 
β1-globulin, β2-globulin, γ-globulin, IgG1, IL-10, IFN-γ, anti-
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Table 1. Demographic and clinical characteristics of patients with echinococcosis who were treated surgically with or without anaphylactic shock

Parameters Shock (n=16) No shock (n=43) P-value

Age (year) 35.5 (9-72) 45 (8-74) --
Gender, n (%)
   Male
   Female

  
8 (50.0)
8 (50.0)

  
20 (46.5)
23 (53.5)

0.811
  
  

Height (cm) 163 (126-178) 165 (120-180) 0.804
Weight (kg) 60 (25-107) 67 (18-85) 0.447
Ethnicity, n (%)
   Han
   Other

  
13 (81.3)
3 (18.8)

  
22 (51.2)
21 (48.8)

0.036*
  
  

Allergic history, n (%)
   Yes
   No

  
3 (18.8)

13 (81.3)

  
1 (2.3)

42 (97.7)

0.099
  
  

Live with a dog, n (%)
   Yes
   No

  
13 (81.3)
3 (18.8)

  
38 (88.4)
5 (11.6)

0.777
  
  

Preoperative diagnosis, n (%)
   Pulmonary echinococcosis
   Hepatic echinococcosis

  
9 (56.3)

10 (62.5)

  
6 (14.0)

37 (86.0)

  
0.003**
0.102

Family history of allergy, n (%)
   Yes
   No

  
1 (6.3)

15 (93.8)

  
0

43 (100.0)

0.271
  
  

WHO imaging classification
   CE1
   CE2
   CE3

  
3 (18.8)
7 (43.8)
6 (37.5)

  
16 (37.2)
15 (34.9)
12 (27.9)

0.377
  
  
  

Cyst size (cm) 9.36±2.65 6.50±1.81 0.001**
Number of cysts 2 (1-8) 2 (1-8) 0.881
Number of daughter cysts 7.5 (1-16) 5 (1-17) 0.010*
Globulin (g/L) 34.8 (24.8- 61.5) 28 (19.7-44.6) 0.059
A-globulin (g/L) 53 (25.9-59.4) 56 (38.6-64.8) 0.147
α1-globulin (g/L) 3.45 (2.4-7.6) 2.4 (1.6-7.6) 0.058
α2-globulin (g/L) 10.5 (7.6-15.8) 10.1 (6.9-15.8) 0.615
β1-globulin (g/L) 7.6 (4.7-11.1) 8.4 (4.7-11.2) 0.255
β2-globulin (g/L) 4.2 (4.0-6.5) 4.2 (3.9,-.5) 0.611
γ-globulin (g/L) 20.7 (18-49) 18.6 (12-39) 0.059
IgE (ng/ml) 233.1 (112-1,467) 166.3 (71-261) 0.010*
IgG (g/L) 377.4±159.3 247.8±76.9 <0.001***
IgG1 (g/L) 102.3 (10-327) 96.3 (25-148) 0.658
IL-4 (ng/L) 452.3 (341-515) 347.5 (140-424) <0.001***
IL-10 (pg/ml) 28.8±11.9 24.0±7.6 0.069
INF-γ (ng/L) 200.6 (99-301) 153.7 (83-309) 0.298
TNF-α (µg/ml) 0.27±0.20 0.44±0.22 0.008**
Anti-EgCF antibody, n (%)
   +
   ++
   +++

  
3 (18.8)

10 (62.5)
3 (18.8)

  
5 (11.6)

12 (27.9)
26 (60.5)

0.012*
  
  
  

Anti-EgP antibody, n (%)
   +
   ++
   +++

  
3 (18.8)

11 (68.8)
2 (12.5)

  
5 (11.6)

38 (88.4)
0 (0.0)

0.054
  
  
  

Anti-EgB antibody, n (%)
   +
   ++
   +++

  
3 (18.8)

10 (62.5)
3 (18.8)

  
6 (14.0)

10 (23.3)
27 (62.8)

0.006**
  
  
  

Anti-Em2 antibody, n (%)
   -
   +

  
3 (18.8)

13 (81.3)

  
3 (7.0)

40 (93.0)

0.398
  
  

Postoperative intubation time (h) 5 (2-8) 0.5 (0.15-1.25) <0.001***

The data are shown as mean±SD, median (range), or proportion, as appropriate.   
WHO, World Health Organization; anti-EgCF, antibodies against fluid extract of E. granulosus; anti-EgP, antibodies against E. granulosus protoscolex; 
anti-EgB, antobodies against E. granulosus hydatid cyst fluid lipoprotein antigen; anti-Em2, antibodies against E. multilocularis metacestode antigen. 
*P<0.05, **P<0.01, ***P<0.001.   
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EgP antibody, and anti-Em2 antibody were similar between the 
2 groups. Of note was that IgG and IL-4 levels were higher in 
the shock group (both P < 0.001), while TNF-α levels were low-
er (P = 0.008). The frequencies of Han ethnicity (P = 0.04) and 
pulmonary echinococcosis (P = 0.003) were higher in the shock 
group compared with controls; the number of daughter cysts 
(P = 0.01) and postoperative intubation time (P < 0.001) were 
higher in the shock group. Compared with controls, the quali-
tative evaluation showed lower levels of anti-EgCF (P = 0.01) 
and anti-EgB (P = 0.006) antibodies in the shock group. All pa-
tients were with E. granulosus. All anaphylactic shocks occurred 
perioperatively.

Multivariate analysis of the factors associated with 
perioperative anaphylactic shock

Because of the small sample size, categorical variables could 
not be entered into the multivariate model without making it 
unstable. All continuous variables with P < 0.05 in univariate 
analyses were included. Multivariate analysis showed that IL-4 
levels, with odds ratio (OR) of 1.096 and 95% confidence in-
terval (95% CI) of 1.015-1.185 (P = 0.02) and cyst size, with 
OR of 3.028 and 95% CI of 1.259-7.283 (P = 0.013) were inde-
pendently associated with CE-induced perioperative anaphy-
lactic shock.

ROC analysis
The 2 variables identified in the multivariate analysis were 

tested using the ROC curve method for the prediction of ana-
phylactic shock during surgery for CE. Using a cut-off value of 
415.67 ng/ml, IL-4 showed an AUC of 0.926, sensitivity of 
75.0%, and specificity of 97.7%. Using a cut-off value of 7.8 
cm, cyst size showed an AUC of 0.828, sensitivity of 81.3%, 
and specificity of 76.7%.

DISCUSSION

Anaphylactic shock is a serious complication of echinococ-
cosis treatment, but it is difficult to predict whether Echinococ-
cus-infected patients will suffer from this complication during 
surgical treatment. The aim of this study was to investigate ret-
rospectively the medical records of patients to identify factors 
associated with anaphylaxis in Echinococcus infection to im-
prove prediction and treatments. This study showed that IgG 
and IL-4 levels were elevated in the shock group, and that IL-4 
levels and cyst size were independently associated with echi-

nococcosis-induced perioperative anaphylactic shock.
Alves and Sheikh [19] suggested that the development of 

anaphylactic shock could be associated with patients' age: chil-
dren develop food-induced anaphylactic shock more easily, 
while middle aged and elderly people develop drug-induced 
anaphylactic shock more easily. Most anaphylactic shock occur 
in patients over 55 years, and the incidence of anaphylactic 
shock is significantly lower in patients of ages between 15 and 
55 years [20]. Because age is a risk factor for anaphylactic 
shock to E. granulosus, patients in the present study were 
matched for age, preventing the observation of the effect of age 
on toxic anaphylactic shock occurrence. 

IgG is involved in anaphylactic shock or even death induced 
by antigens of parasites alongside IgE [14,21]. IgG accounts for 
about 75-80% of all immunoglobulins in the serum, and con-
sists of 4 subtypes, IgG1, IgG2, IgG3, and IgG4 [22]. The con-
centration of IgG1 is the highest among all IgGs [22]. Aller-
gens are good inducers of IgG1 and IgG4 [22]. The findings of 
the present study further suggested that pre-surgery IgG levels 
were higher in the shock group, but there was no association 
with IgG1 levels. This could be due to the possibility that pa-
tients whose immune system is already under a state of activa-
tion could be more vulnerable to the detrimental effects of 
Echinococcus antigens after cystic fluid spilling. However, more 
studies with larger sample sizes are needed to further investi-
gate whether IgG is involved in the anaphylactic shock in-
duced by echinococcosis. The reactive responses of the body 
are different against different antigens among different indi-
viduals, and the IgG/IgE ratio could also be different, which 
could result in different risks of shock. The univariate analyses 
showed that the levels of anti-EgCF and anti-EgB antibodies 
were lower in the shock group compared with controls, but 
these variables could not be entered in the multivariate model.

Currently, in our center, most surgeries for CE are endo- plus 
extra-cystectomy, but in order to maximize the protection of 
the lung tissues, patients with pulmonary hydatid cyst all un-
dergo endocystectomy. The probability of cyst rupture during 
endocystectomy is high [15,20,23,24]. For patients with he-
patic CE, endo- plus extra-cystectomy is the commonly used 
approach. Spillage of cyst contents seldom occur during single 
pericystectomy, but it can be frequently observed during endo-
cystectomy or endo- plus extra-cystectomy [15,20,23,24]. The 
exact cause of cyst rupture during surgery is generally consid-
ered as resulting from the pressure applied to the cyst during 
surgery, albeit all efforts are made to avoid that. If there are se-
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vere adhesions or if the CE is superficial, there is a high risk of 
cyst rupture [15,20,23,24]. Another high-risk situation is the 
decompression of huge and hypertonic CEs [20,24]. In addi-
tion, we cannot exclude the possibility that an iatrogenic cyst 
rupture may have happened, but the exact cause of cyst rup-
ture was not necessarily documented. Nevertheless, the aim of 
the present study was not to assess the surgical approaches 
leading to cyst rupture, but to examine the differences in pa-
tients who developed an anaphylactic shock after cyst rupture, 
and those who did not. In the univariate analysis, pulmonary 
echinococcosis was associated with a higher risk of anaphylac-
tic shock, but the variable could be entered in the multivariate 
model because of the small sample size. Nevertheless, whether 
the shock was the result of the cystic fluid spillage due to the 
surgical technique or the result of specific characteristics of 
pulmonary echinococcosis remains to be determined.

This study suggests that cyst size was independently associ-
ated with echinococcosis-induced perioperative anaphylactic 
shock. A previous study has shown that large lung hydatid 
cysts (> 10 cm) were more prone to rupture than small cysts, 
but that the size was not associated with short-term outcomes, 
but their sample size small and they observed only 3 cases of 
anaphylactic reaction [25]. In this study, the WHO classifica-
tion of cysts was not associated with anaphylactic shock after 
cyst rupture, but all cases were CE1-3, which are all active or 
transitional diseases that contained active protoscolices. Nev-
ertheless, the CE1-3 classification is based on the morphology 
of the cysts, which may be of variable sizes [17,18]. A possible 
explanation for the association between cyst size and anaphy-
lactic shock could simply be the larger amount of cystic fluid 
that could contain a larger amount of antigens, leading to a 
higher risk of allergic reaction. Additional studies are necessary 
to address these issues adequately.

A study analyzed the crude fluid content of the cysts in 
sheep, and has shown that the crude fluid contains an anti-
genic component that is a specific antigen to IgE [26]. Crude 
fluid has been shown to modulate the transition of monocytes 
to dendritic cells in humans, to impair the secretion of IL-12, 
IL-6, and PGE2 in response to lipopolysaccharides (LPS), and 
to increase CD14 expression on dendritic cells [6]. The same 
study also showed that incubation of dendritic cells with GM-
CSF and IL-4 impaired their ability to secrete IL-12, IL-6, and 
PGE2 in response to LPS. IL-12 is well known to perpetuate 
the Th1 response and to inhibit the production of IgE, there-
fore inhibiting the allergic reaction [27]. PGE2 is a lipid that is 

produced by the body during immune reactions in an attempt 
to control the inflammatory process [28]. Therefore, our re-
sults suggested that high levels of IL-4 and low levels of TNF-α 
before surgery, as observed in the shock group, could impair 
the self-control function of the immune system. However, fur-
ther studies are necessary to elucidate this point. Particular care 
should be taken to sample the crude cystic fluid for analysis, 
which is often difficult when the fluid is spilling, mixing with 
blood and saline.

This study has some limitations. By nature, a retrospective 
study may include some bias in respect to the selection of the 
study subjects, and the controls were selected to be closely 
matched to the shock cases so this may also have introduced 
some bias. In addition, because of the retrospective nature of 
the study, the quality of the data contained in the charts could 
not be controlled, and the present study was limited to the 
tests that are routinely performed in patients with CE. Thus, 
the populations may not be representative. Because anaphy-
laxis occurs quite rarely, the study population was also small. 
Because of the small sample size and associated statistical limi-
tations, categorical variables could not be tested in the multi-
variate model. A previous study by our group reported the 
characteristics of patients with CE [4], while this current study 
analyzed biochemical and immunological factors in order to 
identify risk factors for anaphylactic shock after cyst rupture. 
Finally, the crude content of the cysts was not analyzed.

In conclusion, IL-4 levels and cyst size were independently 
associated with echinococcosis-induced perioperative anaphy-
lactic shock. These results could help identifying patients with 
echinococcosis at risk of anaphylactic shock in whom appro-
priate prophylaxis could be undertaken.
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Supplementary Fig. 1. Dot Immunogold Filtration Assay (DIGFA) kit for human echinococcosis. The device is made of 3 parts; the plastic 
capsule, absorbent filler, and nitrocellulose membrane. The kit includes 4 solutions: Solution A for dilution; Solution B for washing; Solu-
tion C for colloidal gold-labeled secondary antibody; and STA for potato agglutinin. The membrane has 4 dots (A, B, C, and D) that are 
coated with hydatid cyst fluid antigen, scolex antigen, semi-purified cyst fluid antigen, and alveolar hydatid specific antigen Em2, re-
spectively. In the center of the NC membrane, there is a dot coated with normal serum for quality control. The membrane is dried at 
room temperature and then stored at 4°C until use. Two drops of whole blood are taken from the earlobe and mixed with 2 drops of 
potato agglutinin, diluted with 3 drops of solution A, and transferred to the wells of the reaction plate. The plate is washed with 3 drops 
of solution B, stained with solution C, and washed with 3 drops of solution B again.



Supplementary Fig. 2. Possible results of the Dot Immunogold Filtration Assay (DIGFA) kit for human echinococcosis. (A) Positive for Echi-
nococcus granulosus. (B) Positive for alveolar echinococcosis. (C) Negative.  
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