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A B S T R A C T   

Snake antivenom is the only specific treatment for snakebite envenoming, but life-threatening anaphylaxis is a 
severe side effect and drawback for the use of these typically mammalian serum products. The present study 
investigates the hypotheses whether serum IgE antibodies against the epitope galactose-alpha-1,3-galactose 
(α-gal) located on the heavy chain of non-primate mammalian antibodies are a possible cause for hypersensi-
tivity reactions to snake antivenom. Serum samples from 55 patients with snakebite envenoming were obtained 
before administration of snake antivenom and tested for serum IgE (sIgE) against α-gal and total IgE. Early 
anaphylactic reactions (EARs) during the first 3 h after antivenom administration were classified into mild, 
moderate or severe and correlated with the presence of sIgE against α-gal. Fifteen (27%) out of 55 patients (37 
male, 18 female, median 34 years, range 9–90 years) developed EARs after antivenom administration. Eleven, 
three and one patients had mild, moderate and severe EARs, respectively. Serum IgE against α-gal was detected 
in 17 patients (31%); in five (33%) out of 15 patients with EARs and in 12 (30%) out of 40 patients without EAR 
(Odds Ratio ¼ 1.2; 95%-confidence interval: 0.3–4.2) with no correlation to severity. Although the prevalence of 
serum IgE against α-gal was high in the study population, very high levels of total IgE in the majority of patients 
question their clinical relevance and rather indicate unspecific sIgE binding instead of allergy. Lack of correlation 
between α-gal sIgE and EARs together with significantly increased total IgE levels suggest that sIgE against α-gal 
is not the major trigger for hypersensitivity reactions against snake antivenom.   

1. Introduction 

Snake antivenom containing mammalian immunoglobulins is the 
only specific treatment for snakebite envenoming in order to neutralize 
snake venom toxins and mitigate the progression of their toxic effects. 
Unfortunately, hypersensitivity reactions and sometimes life- 
threatening anaphylaxis occur in a significant number of cases during 
the first 3 h after administration of these heterologous antibodies. The 
rate of these early anaphylactic reactions (EARs) against snake anti-
venom varies depending on the product and region between 3% and 

88% and usually poor physicochemical quality is blamed for it (De Silva 
HA et al., 2015; Prabhakar et al., 2014). However, the rate of EARs 
against the same horse-derived F(ab’)2 antivenom from Queen Saovabha 
Memorial Institute (QSMI), Bangkok, Thailand was much higher (53%) 
in a rural population in Savannakhet province in Lao People’s Demo-
cratic Republic (Lao PDR) studied between 2013 and 2015 than in an 
urban population (3.5%) in Bangkok, Thailand, investigated between 
1997 and 2006, indicating that host factors may play a role as well 
(Vongphoumy et al., 2016; Thiansookon and Rojnuckarin, 2008). 
However, the comparability of the studies is rather limited. Data on 
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EARs were collected prospectively in Laos and retrospectively in 
Thailand, different batches of antivenom were used and the mode of 
administration was not standardized. Currently, the vast majority of 
antivenom-induced anaphylactic reactions are considered to be 
non-IgE-mediated hypersensitivity reactions. However, IgE-mediated 
anaphylaxis after sensitization to snake antivenom or other 
horse-derived serum products in the past is another possible cause. 
Actually, the exact mechanism is not yet known and EARs are most 
likely based on several underlying mechanisms (Leon et al., 2013; Stone 
et al., 2013). Recently IgE antibodies against the oligosaccharide 
galactose-alpha-1,3-galactose (α-gal), located on the heavy chain of 
non-primate mammalian immunoglobulins has been associated with 
two distinct forms of anaphylaxis, (i) immediate onset anaphylaxis to 
intravenous cetuximab and (ii) delayed onset anaphylaxis 3–6 h after 
ingestion of mammalian meat (Berg et al., 2014; Fischer et al., 2016; 
Steinke et al., 2015). Cetuximab is a chimeric mouse-human IgG1 
monoclonal antibody against the epidermal growth factor receptor, 
approved for use in colorectal cancer and squamous-cell carcinoma of 
the head and neck. Allergic reactions against Cetuximab are caused by 
serum IgE (sIgE) antibodies against α-gal, located on the antigen binding 
fragment (Chung et al., 2008). Tick bites induce the production of sIgE 
against α-gal (Commins et al., 2011). Therefore, prevalence of sIgE 
against α-gal is high in farmers and forestry workers and it is also ex-
pected to be high in snakebite victims, who usually belong to this 
occupational group (Fischer et al., 2017b; Gonzales-Quintela et al., 
2014). 

The α-gal epitope is present on horse-derived IgG in polyclonal IgG 
preparations of snake antivenoms and recently the reactivity of sIgE in 
individuals with α-gal allergy to red meat has been demonstrated against 
different antivenoms including monovalent green pit viper and Malayan 
pit viper antivenom from QSMI, Bangkok, Thailand, using basophil 
activation tests (Fischer et al., 2017a). The present study investigates the 
hypothesis whether sIgE against α-gal is responsible for hypersensitivity 
reactions in Laotian patients treated with snake antivenom from QSMI. 

2. Methods 

Between May and November 2018, 58 patients of all ages with 
snakebite envenoming were included into the study in three different 
hospitals, namely Savannakhet Provincial Hospital, Vientiane Provincial 
Hospital and Setthatirath Hospital located in the capital Vientiane, Lao 
PDR, after indication for antivenom administration had been estab-
lished. Prior to antivenom administration serum samples were taken 
from each patient and frozen at � 20 �C. In January 2019 they were 
tested for specific IgE against α-gal using an ImmunoCAP containing 
bovine thyroglobulin and for total IgE (Thermo Fisher Scientific, 
Uppsala, Sweden) at the department of Dermatology and Allergy Bie-
derstein, School of Medicine, Technical University of Munich, Germany. 
The test was considered negative at sIgE concentration of <0.35 KUA/l. 
During the first 3 h after administration of antivenom all patients were 
followed for occurrence of early anaphylactic reactions (EARs). EARs 
were classified as mild, moderate and severe reactions according to 
Brown’s classification (Brown, 2014). Mild EARs were only skin re-
actions, like urticaria or erythema with or without angioedema. Mod-
erate EARs were respiratory distress with decreasing peripheral oxygen 
saturation (SpO2) not less than 92%, chest and throat tightness, 
wheezing, nausea, vomiting and diarrhoea. Severe EARs were cyanosis 
with SpO2 < 92%, arterial hypotension with systolic blood pressure <90 
mmHg and/or loss of consciousness. Monovalent and polyvalent 
horse-derived F(ab’)2 snake antivenom from QSMI in Bangkok, Thailand 
was used for treatment of envenoming. 

The Chi-square test was applied to calculate the Odds Ratio of the 
data set. Comparisons between groups were made using the Mann- 
Whitney U test. The study was primarily explorative without applica-
tion of sample size calculation. 

2.1. Ethical statement 

The study was approved by the National Ethics Committee for Health 
Research at the Lao Tropical and Public Health Institute (Lao TPHI) in 
Vientiane, Lao PDR (No. 038) in April 2018. Written informed consent 
was obtained from each patient or their legal representative. 

3. Results 

Fifty-eight patients were recruited between May and November 
2018, including four patients from whom serum samples and follow up 
data of 2014 were available. Three patients were excluded, because 
serum samples had been obtained after antivenom administration. 
Characteristics and laboratory results of 55 patients included into the 
study are outlined in Table 1. Twenty-three patients were recruited at 
Vientiane Provincial Hospital, 16 at Savannakhet Provincial Hospital 
and 16 at Setthatirath Hospital. The majority of study participants were 
male (n ¼ 37, 67%). The median age was 34 years (range 9–90). All 
snakebite victims lived in rural areas and were engaged in agricultural 
and/or forestry work. Monovalent Malayan pit viper, green pit viper and 
cobra antivenom was given to 30, 13 and one patient(s) and polyvalent 
haematotoxic and neurotoxic antivenom to six and five patients, 
respectively. Serum IgE (sIgE) concentration against α-gal was >0.35 
KUA/l in 17 (31%) individuals. Two patients had sIgE concentrations 
between 0.35 and 0.69 KUA/l, 13 patients between 0.70 and 3.5 KUA/l 
and two patients between 3.5 and 17.5 KUA/l. Fifteen (27%) out of 55 
patients developed EARs after antivenom administration. Eleven, three 
and one patient had mild, moderate and severe EARs, respectively. 
Serum IgE concentration was >0.35 in 5 (33%) out of 15 patients with 
EARs and in 12 (30%) out of 40 patients without EARs (Odds Ratio ¼
1.2; 95%-confidence interval: 0.3–4.2). Three out of eleven patients with 
mild EARs and two out of four patients with moderate to severe EARs 
had sIgE against α-gal. Of those two patients with highest sIgE, one 
developed a moderate EAR. Eleven out of 44 patients (25%), who 
received monovalent antivenom and four out of 11 patients (36%) who 
received polyvalent antivenom developed EARs (p ¼ 0.22). In the ma-
jority of patients total serum IgE (tIgE) levels were very high (median: 
2097 kU/l; range 109–19,315). They were >300 kU/l in all 17 patients 
with positive sIgE against α-gal (median 5068 kU/l; range: 391–19315 

Table 1 
Characteristics and laboratory results of 55 study patients.   

n ¼ 55 (%) 

Gender male 37 (67) 
female 18 (33) 
Age (years) median, range 34, 9–90 
EARs total 15 (27) 
mild 11 
moderate 3 
severe 1 
EARs after monovalent antivenom (n ¼ 44) 11 
EARs after polyvalent antivenom (n ¼ 11) 4 
Serum IgE against α-gal  
negative ( < 0.35 KUA/l) 38 (69) 
positive ( � 0.35 KUA/l) 17 (31) 
0.35–0.69 KUA/l 2 
0.70–3.50 KUA/l 13 
3.51–17.5 KUA/l 2  

Median (range) 
tIgE < 100 kU/l (n ¼ 6) 62 (5–87) 
> 100 kU/l (n ¼ 49) 2097 (109–19,315) 
tIgE in patients with positive sIgE (n ¼ 17) 5068 (391–19,315) 
tIgE in patients with negative sIgE (n ¼ 38) 1120 (5–18,948) 
sIgE/tIgE (%) in patients with EARs (n ¼ 15) 0.017 (0.002–0.268) 
sIgE/tIgE (%) in patients without EARs (n ¼ 40) 0.015 (0.001–2.46) 
sIgE/tIgE (%) in patients with positive sIgE (n ¼ 17) 0.028 (0.004–0.392) 
sIgE/tIgE (%) in patients with negative sIgE (n ¼ 38) 0.011 (0.001–2.46) 

Abbreviations: tIgE ¼ total IgE, sIgE ¼ serum IgE against α-gal, EARs ¼ early 
anaphylactic reactions. 
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kU/l) and significantly higher (p < 0.001) as compared to those with 
negative α-gal sIgE (median 1120 kU/l; range: 5–18948). In contrast, the 
sIgE/tIgE ratio (%) was not different between those with anaphylaxis (n 
¼ 15; median: 0.017%; range 0.002–0.268) as compared to those 
without anaphylaxis (n ¼ 40; median: 0.015%; range 0.001–2.46) and in 
those with positive sIgE against α-gal (n ¼ 17; median: 0.028%; range 
0.004–0.392) as compared to those with negative sIgE against α-gal (n ¼
38; median: 0.011%, range 0.001–2.46). 

4. Discussion 

The oligosaccharide α-gal is found on the heavy chain of the antigen 
binding fragment of mammalian IgG antibodies and is a possible target 
of IgE-mediated reactivity to antivenoms, containing mammalian full 
IgG or F(ab)2/Fab antibodies (Fischer et al., 2017a). 

The results of the present study showed a high prevalence of sIgE 
against α-gal in 17 out of 55 (31%) snakebite patients recruited at three 
hospitals in Lao PDR. All snakebite victims worked in agriculture and/or 
forestry, where they had been exposed to tick bites, which induce sIgE 
formation against α-gal possibly explaining the finding (Commins et al., 
2011). Although tick bites were not explicitly recorded, the presence of 
at least 22 ixodid tick species in Laos, representing six genera and the 
documented occurrence of tick-borne rickettsial disease, suggest that 
tick bites are very common among the rural population (Vongphayloth 
et al., 2016; Mayxay et al., 2013). A similar high prevalence of sIgE 
against α-gal is found in forestry workers and hunters in the United 
States of America and in Germany (Berg et al., 2014; Fischer et al., 
2017b). The present data didn’t show any correlation between the rate 
of early anaphylactic reactions (EARs) and elevated sIgE against α-gal. 
However, determination of tIgE showed very high values with a median 
value of 2097 kU/l. In addition, tIgE was significantly higher in patients 
with positive sIgE against α-gal as compared to those without, whereas 
the sIgE/tIgE ratio was similar indicating clinically irrelevant very low 
affinity sIgE or even unspecific binding in the assay for sIgE. A high ratio 
of >0.75% has been proposed for correct discrimination of patients with 
α-gal allergy from controls in a South African population with a high 
prevalence of reported red meat allergy, which was, however, reached 
only in one of our patients who did not have anaphylaxis (Mabelane 
et al., 2018). Parasitic infestation in Laotian people is high, particularly 
with Opisthorchis viverrini and hookworms which is one possible 
explanation for the extremely high levels of total IgE (Somphou et al., 
2011). 

The present EAR rate of 27% is significantly lower compared to a rate 
of 53% observed in Savannakhet Province, Lao PDR, between 2013 and 
2015 using a different batch of antivenom of the same manufacturer. It 
indicates that product quality and/or different modes of administration 
might affect EAR rate. There was no significant difference in the 
occurrence of EAR between monovalent and polyvalent antivenom, but 
figures are too low to draw any meaningful conclusions. The limitation 
of this study is the low number of patients with EARs, particularly with 
moderate and severe EARs. However, the comparable distribution of 
specific serum IgE concentration rates between EAR-groups together 
with very high levels of total IgE suggest that sIgE against α-gal in the 
tested individuals appear not to be responsible for the observed hyper-
sensitivity reactions against snake antivenom. 
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