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Abstract

:

Eosinophilia is common in low-resource countries and usually implies helminthiasis. Since helminthiasis is a common cause of eosinophilia and its diagnosis is cumbersome, we hypothesized that broad-spectrum anthelmintic therapy may decrease the eosinophil count and eventually cure helminthiasis, whether microbiologic diagnosis is established or not. We recruited patients with eosinophilia aged 5 years and older who presented to Dhulikhel hospital, Nepal. Patients were treated with albendazole and ivermectin. A stool sample for microscopy was obtained. Of a total of 113 patients, 106 had a follow-up visit and 56 were classified as responders to treatment (defined as a decrease in eosinophil count to below 500 cells/µL, or an absolute decrease of more than 1000 cells/µL). For all patients, we found an absolute decrease in the eosinophil count and for the responding group (more than 50% of the whole cohort), the eosinophil count decreased substantially. All stool samples were negative. The reason for a lack of response in the remaining patients is unclear. In order to ascertain whether eosinophilia should be an indication for anthelmintic treatment, a randomized controlled study of empirical treatment after a thorough microbiologic workup is needed.
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1. Introduction


Eosinophilia is linked to a broad spectrum of clinical conditions, such as helminthic and parasitic infections, allergic disorders, malignant and primary hematologic diseases, and auto-immune disorders. Infections are by far the leading cause of eosinophilia worldwide, especially in low-resource countries [1]. According to the World Health Organization (WHO), almost one billion people in low- and medium-resource countries in sub-Saharan Africa, Asia, and Latin America acquire helminth infections as a result of low standards of hygiene and the lack of access to clean food and water. Impaired mental and physical development, higher rates of anemia, weight loss, malnutrition, and neurological disorders are linked to such infections, which may also exacerbate other conditions, such as malaria and human immunodeficiency virus infection [2].



In many countries, medical care is only partially accessible to impoverished populations, which by and large lack any form of reliable medical insurance. The microbiologic diagnosis of helminthic infections in these settings has proven to be difficult, time consuming and, above all, too expensive. Multiple microscopic examinations of stool specimens have a low sensitivity and specificity, and are extremely laborious. Serologic tests, stool antigen detection tests, and nucleic-acid amplification tests are usually not widely available due to their cost, and do not exist for many helminths [3].



In Nepal, helminthic infections are common and the prevalence of eosinophilia is considerable [4]. A previous study conducted at Dhulikhel Hospital on a pediatric population between the years 2009 and 2011 revealed the incidence of persistent eosinophilia to be 2.4% [5].



Helminths, which are one of the causes of eosinophilia in Nepal, are most commonly soil-transmitted helminths (STH), such as Ascaris lumbricoides, Strongyloides stercoralis, Trichuris trichuria Toxocara spp., hookworms, and tapeworms such as Hymenolepis nana and Taenia spp. [6,7,8,9,10,11,12]. One study demonstrated a high detection rate of anti-Toxocara spp. antibodies [13]. Filariasis occurs more commonly in the tropical region of Nepal, but also in the Kathmandu Valley region [14,15].



Several studies have shown that empirical anthelmintic therapy leads to a decrease in the eosinophil count, whether a comprehensive microbiological diagnosis was obtained [16,17] or not [18,19,20,21]. These studies were all conducted in developed countries, and included participants who were either immigrants or returning travelers from the tropics.



Mass drug administration of anthelmintic drugs is common policy in endemic regions, but it is usually performed without any laboratory follow-up.



In the current study, we aimed to follow the decrease in eosinophil counts in patients with eosinophilia who receive broad-spectrum anthelmintic therapy in a low-resource setting and to assess the factors that are associated with response to treatment.




2. Results


During the study period, we enrolled 113 patients with eosinophilia; 106 (93.8%) returned for a follow-up visit, of whom 68 were males and 38 were females. The study group included both adults (44 patients) and children (62 patients), with a median age of 47.4 ± 16 and 8.5 ± 3.6 years, respectively.



The vast majority of patients who took part in the study resided in the Kavre-palanchowk district in the Kathmandu Valley region. The majority, 75/106 (70%), came from rural areas, whereas 31/106 came from towns or cities such as Dhulikhel, Banepa, and Kathmandu. Most of the patients used public transportation to reach the hospital (travel duration ranged from ten minutes to one day). Among adult patients, 36/44 (81%) were farmers, whereas 8 had non-farming occupations (e.g., private business, building, or housekeeping). The major reasons for hospital admissions included cardiorespiratory and infectious diseases, as shown in Table 1.



A stool test for ova and parasites was conducted for 97 patients at the hospital lab. Seven samples detected a presence of parasites: two were Giardia spp. and five Entamoeba histolytica. No helminths were detected. Nine patients could not pass stool during their hospital stay.



After administration of the anthelmintic treatment with ivermectin and albendazole, a follow-up visit was ordered after 2–8 weeks.



For the whole cohort (N = 106), we found a decrease in the eosinophil count before and after treatment: mean eosinophil count 2850 ± 4153 cells/μL, and 2220 ± 3689 cells/μL, respectively (mean of difference 629, p-value 0.03) (Table 2). Dividing the group into responders and non-responders, 56 (52.8%) were classified as responders and 50 as non-responders. Within the responders group (N = 56), the mean eosinophil count on first evaluation was 2823 ± 4517 cells/μL and 1027 ± 1900 cells/μL after treatment (mean of difference 1795, p-value < 0.001). Within the non-responders group, the mean eosinophil counts were 2879 ± 3749 cells/μL and 3555 ± 4655 cells/μL, before and after treatment, respectively (mean of difference 675, p-value 0.025), Table 2, Figure 1. When analysis was carried out for the adult and pediatric participants separately, results were similar, although the increases in eosinophil counts among non-responders were statistically insignificant, as shown in Table 2 and Figure 2 and Figure 3.



The distribution of the sociodemographic characteristics between responders and non-responders is summarized in Table 3. It is notable that living conditions, which could be potentially associated with a higher burden of parasitic infections and treatment failure, were similar in the two study groups. Among responders, 76.8% of the patients came from rural areas, and 3.6% worked in farming. Among the non-responders, the figures were 64% and 12% (p-values of 0.2 and 0.14, respectively). A total of 23% of the responders reported seeing worms in their stool, compared with 12% of the non-responders (p-value 0.2).



Comparisons of medical history, parameters of hygiene, and physical examination findings between responders and non-responders did not reveal statistically significant differences. Although there was a decrease in rashes, chest pains, gastrointestinal symptoms, weight loss, fever, myalgia, and headache following treatment among responders and non-responders (p < 0.05 for all comparisons), as shown in Table 3, a direct cause and effect relation could not be established, as patients were admitted for other, possibly unrelated, conditions.




3. Discussion


In this study, we treated 106 patients with incidental eosinophilia in Nepal with ivermectin and albendazole. Fifty-six patients met the predefined response criteria of a decrease in the eosinophil count to below 500 cells/µL, or an absolute drop of more than 1000 cells/µL.



It should be noted that only half of the patients in this cohort responded with a substantial decrease in eosinophil counts, and many non-responders’ eosinophil counts even rose (Figure 1), This unexpected finding could be attributed to several factors: (1) Theoretically, a helminthic reinfection is likely, although we are unable to prove it due to the unavailability of diagnostics in these low resource settings. (2) Initial infections with parasites that respond poorly or slowly to treatment (e.g., toxocariasis). (3) Poor compliance with albendazole treatment. (4) A longer period needed to observe a decrease in eosinophil counts after treatment. (5) Less likely, but non-infectious causes of eosinophilia. (6) Immunostimulation following the disintegration of worms and the release of their antigenic components. This phenomenon has been previously described for schistosomiasis and lymphatic filariasis [22]; a follow-up interval of a minimum of two weeks could skip immunostimulation. However, this is still a possibility.



Previous studies, conducted only in high-income countries, have shown that treating immigrants and travelers from the tropics empirically for eosinophilia was beneficial in terms of eosinophil counts [16,17,18]. The response rate in these studies was much higher than in the current study. For example, in a post-travel clinic in Israel, empirical treatment with albendazole was given to travelers returning from the tropics presenting with eosinophilia, resulting in a significant decrease in the eosinophil count in 27 out of 30 patients (90%). Of note, in these patients, schistosomiasis was ruled out, but a definite etiology for eosinophilia could not be obtained [16]. Similar results were shown in another study conducted in Spain, where a resolution of eosinophilia was observed in 31 out of 33 immigrants (93.9%) after giving an empirical treatment with albendazole, ivermectin, and praziquantel [17].



To our knowledge, our study is the first to be conducted in a developing country, suggesting that repeated infection or a higher burden of initial parasitic infection are key factors in low-resource settings. However, a missed non-infectious etiology for eosinophilia is also possible.



Non-responders had higher eosinophil counts at the first encounter. This could imply that the higher the eosinophil count, the less likely a response to treatment will be, either because of infection with a difficult to treat organism (e.g., Toxocara spp.), a heavier burden of infection, or a higher risk of reinfection. These findings call for a prospective study of the causes of eosinophilia in patients with high eosinophil counts.



As expected, gastrointestinal symptoms were not present in all patients with eosinophilia, as many infections are asymptomatic. Similarly, relevant findings in physical exams, such as abdominal pain, were absent in most patients. The alleviation of each gastrointestinal symptom in patients following treatment cannot be directly attributed to the therapy as there was no control group, and patients were admitted for various unrelated diseases that have been treated. The decrease in all gastrointestinal symptoms in both the responders and non-responders was not significantly different between both groups (p-value 0.25). Only by conducting a placebo-controlled trial were we able to conclude that empirical therapy did indeed alleviate symptoms. As symptoms and physical signs are unreliable for the diagnosis of helminthic infections, and since microbiological diagnosis is cumbersome and expensive, the rational approach is to treat patients with eosinophilia empirically.



Demographic differences between responders and non-responders were not significant. However, conditions that favor the transmission of helminthic infection were very common in most cases, and it is likely that in high-endemicity settings most of the population, regardless of socioeconomic status, is at a high risk of infection. Access to clean water and food, and educational efforts aiming at raising awareness as to how these infections spread, are warranted.



Ivermectin is effective in the treatment of lymphatic filariasis [23], strongyloidiasis [24], and STHs such as T. trichuria and A. lumbricoides [25]. It has, however, been found to be ineffective against hookworms, which are common in Nepal. Albendazole is used worldwide for STHs such as hookworms and A. lumbricoides, but its effectiveness against T. trichuria is limited [26]. Periodic and long-term mass drug treatment with ivermectin was found to decrease the prevalence and intensity of lymphatic filariasis [27], but did not have a long-term effect on the prevalence of many STHs, such as A. lumbricoides and hookworms [28]. On the other hand, when given as mass treatment, albendazole is effective against ascariasis with a single dose, and against hookworms with two doses [29]. Praziquantel, the drug of choice against tapeworms such as H. nana and Taenia spp. was not added to our regimen. However, some studies have showed that albendazole is a reasonable alternative to praziquantel in treating infections with H. nana and Taenia spp. [30,31]. A combined treatment regimen that includes both albendazole and ivermectin, although effective against most STHs and relatively safe, may not cure some infections that cause eosinophilia (e.g., toxocariasis) [32,33].



Advanced molecular diagnostic tests and the Kato-Katz technique were not used, as they are not available at the hospital laboratory. Instead, a direct smear was performed after using a concentration solution. Our failure in detecting helminths in stool can be explained by several factors. Firstly, the test is insensitive and usually needs to be repeated three times to optimize its sensitivity in order to diagnose some helminths such as s. stercoralis [34]; this was not achievable in our study due to the fact that most of our participants were outpatients visiting the hospital for a short period of time. Secondly, stool tests could miss the detection of larva given an intermittent excretion into the gastrointestinal tract [34]. Lastly, some endemic helminths in Nepal, such as lymphatic filariasis, cannot be detected in stool as they do not involve the gastrointestinal system. Not using Kato-Katz flotation or advanced techniques to diagnose helminths indeed explains our failure to detect helminth species. The lack of more sophisticated tests (i.e., polymerase chain reaction-based molecular techniques and serologic assays) is likely to decrease the yield of a laboratory workup, and prompts the need to look for simpler methods in order to diagnose helminthic infections.



The time until the repeated eosinophil test following treatment was 2–8 weeks. The difference between short and long follow-up intervals, defined as 2–4 weeks for short and 4–8 weeks for long, had no significant impact on the change in eosinophil count between responders and non-responders (p-value 0.3).



Studies conducted over the past few decades have assessed the immediate and long-term effects of anthelmintic therapy administered individually for infected patients, or as part of a mass treatment program of a susceptible population [35,36,37,38]. None of these studies used eosinophil count as a possible screening tool for patients who could have derive a greater benefit from empirical treatment.



Our study has several limitations: (1) It is a single-center study. (2) Selection bias is unavoidable, as only patients that could afford the transportation to the hospital were recruited. (3) We could not ascertain if patients’ symptoms provided by the questionnaire were related to helminthiasis or other non-infectious medical conditions. (4) Apart from stool microscopy, other laboratory tests were not performed in order to check for the presence of helminths. (5) The effect of the anthelmintic therapy would theoretically have taken more time to affect the eosinophil count, so that early follow-ups might have missed additional patients who responded to treatment at a later time. (6) There were nine patients who did not provide stool samples for analysis. However, this is unlikely to change our conclusions, as in all other 97 samples no helminths were detected. (7) This is a non-comparative observational study assessing a continuous variable (eosinophil count) after a pre-specified intervention. Since such study has never been performed among patients residing in low-income countries, the predicted effect was unknown. Therefore, a formal calculation of a sample size was not possible. (8) The study is limited by the absence of a control group. In fact, some changes could represent the natural history of eosinophilia in a population with continuous exposure to parasitic infections, rather than the effect of any medication.




4. Materials and Methods


4.1. Setting


Dhulikhel hospital is a non-governmental, non-profit, independent medical center situated 30 km northeast of Kathmandu. It accommodates a mostly rural population from the surrounding villages and has 475 beds.




4.2. Study Design and Participants


A prospective interventional trial, non-blinded and non-randomized, was performed between October 2014 and July 2017. During the study period, Nepal’s devastating earthquake in April 2015 affected patients’ recruitment for several months (April to December of that year); apart from that, patients’ recruitment was completed through all the months of the years. The institutional review committee of Kathmandu University School of Medical Science/Dhulikhel hospital approved the study (approval number 106/14). Patients aged 5 years and older were examined in the internal medicine and pediatric ward at Dhulikhel hospital in the outpatient clinics or as inpatients. Those who were found to have an absolute eosinophil count greater than 500 cells/microliter, regardless of symptoms, were included in the study. Exclusion criteria included: overt non-infectious causes of eosinophilia (such as allergic reactions, inflammatory conditions, paraneoplastic phenomena), treatment with an anthelmintic drug within the previous three months, pregnancy or breast feeding, known hypersensitivity to either albendazole or ivermectin, inability to swallow oral medications, significant liver disease, and treatment with vitamin K antagonists. Detailed explanations were provided in Nepali. All patients who agreed to participate in the study signed a consent form in Nepali. For the pediatric group, the parents had to sign the consent form.




4.3. Intervention


At first encounter, demographic and socioeconomic characteristics, as well as parameters associated with personal hygiene, were recorded on a structured questionnaire, supplement Table S1, and a structured physical examination was conducted. A complete blood count test was obtained and processed at the hospital’s laboratory with an automatic coulter counter. Stool samples were examined with a direct smear after a concentration solution was used. All patients were treated orally with a 400 mg dose of albendazole, taken twice daily for 3 days, and a 200 mcg/kg dose of ivermectin, administered as a single dose. Patients took the remainder of the albendazole tablets on the second and third day of their own accord, without supervision. In case patients experienced any adverse events, they were told to return to the hospital.



Two to eight weeks after taking the drugs, patients were invited to attend a follow-up visit, which included assessment of any adverse effects and changes in symptoms and repeat blood tests for an absolute eosinophil count.




4.4. Outcome Measures


The primary outcome measure was response to treatment in terms of the change in absolute eosinophil count obtained before and after treatment with ivermectin and albendazole. Any patient with a decrease in eosinophil count to below 500 cells/µL, or an absolute decrease of more than 1000 cells/µL in eosinophil count was considered to have met the criteria for the primary outcome. The secondary outcome measures were improvement in symptoms for patients who were found to be symptomatic before treatment.




4.5. Statistics


We compared dichotomous variables with the use of chi-square or Fisher’s exact text, where appropriate. Continuous variables were compared with the use of either the Student’s t-test, or the Mann–Whitney test for variables with a non-normal distribution. A significance level of 0.05 was utilized as the threshold for determining statistical significance.





5. Conclusions


In this interventional study, we demonstrated that just over 50% of Nepali patients with incidental eosinophilia had a significant decrease in eosinophilia following treatment with ivermectin and albendazole. The reasons for lack of response in terms of eosinophil counts among other patients are unclear. In order to assess whether such an empirical and cheap treatment is indeed effective, and to determine which patients could benefit from it, a randomized–placebo-controlled trial, which should include a thorough microbiologic workup, is warranted.
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Figure 1. The change in eosinophil count among responders and non-responders in all patients after treatment with ivermectin and albendazole. 
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Figure 2. The change in eosinophil count among responders and non-responders in adult group after treatment with ivermectin and albendazole. 
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Figure 3. The change in eosinophil count among responders and non-responders in pediatric group after treatment with ivermectin and albendazole. 
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Table 1. Sociodemographic characteristics of patients with eosinophilia in Dhulikhel, Nepal (N = 106).
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Adults (N = 44)

	
Children (N = 62)




	
Age (years)

	
49.4 ± 3.5

	
8.4 ± 4




	
Gender (females %)

	
21 (48%)

	
17 (27%)




	
Place of residency




	
Village

	
30 (68%)

	
45 (73%)




	
Town/city

	
14 (32%)

	
17 (27%)




	
Occupation




	
Farmer

	
36 (82%)

	
Not Relevant




	
Non-farmer

	
8 (18%)

	
Not Relevant




	
Cause for admission (N = 98)

	
N = 36

	
N = 62




	
Infectious disease

	
28 (78%)

	
31 (50%)




	
Respiratory disease

	
17 (47%)

	
24 (39%)




	
Cardiac disease

	
0

	
7 (11%)




	
Gastrointestinal disease

	
2 (6%)

	
9 (15%)




	
Kidney disease

	
0

	
6 (8%)




	
Neurological disease

	
3 (8%)

	
3 (5%)




	
Others

	
14 (39%)

	
13 (20%)
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Table 2. Eosinophil counts before and after treatment among all participants, responders, non-responders, adults, and children.
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Mean

	
SD

	
Median

	
IQR

	
Mean of Difference

	
pValue

	
95% CI




	
All participants: pretreatment (N = 106)

	
2850

	
4153

	
994

	
1399

	
629

	
0.03

	
(−621, 197)




	
All participants: post-treatment (N = 106)

	
2220

	
3689

	
589

	
1719




	
Responders: pretreatment (N = 56)

	
2823

	
4517

	
954

	
815

	
1795

	
<0.001

	
(956, 2634)




	
Responders: post-treatment (N = 56)

	
1027

	
1900

	
296

	
233




	
Non-responders: pretreatment (N = 50)

	
2879

	
3749

	
1161

	
2158

	
−675

	
0.025

	
(−1263, −88)




	
Non-responders: post-treatment (N = 50)

	
3555

	
4655

	
1023

	
4388




	
Pediatric responders: pretreatment (N = 35)

	
4025

	
5369

	
1185

	
3873

	
2602

	
<0.001

	
(1315, 3889)




	
Pediatric responders post-treatment (N = 35)

	
1423

	
2309

	
339

	
719




	
Pediatric non-responders: pretreatment (N = 27)

	
4457

	
4456

	
1980

	
5664

	
−1072

	
0.051

	
(−2149, 5)




	
Pediatric non-responders: post-treatment (N = 27)

	
5529

	
5507

	
2205

	
8621




	
Adult responders: pretreatment (N = 21)

	
820

	
610

	
630

	
143

	
451

	
<0.001

	
(136, 766)




	
Adult responders: post-treatment (N = 21)

	
369

	
361

	
288

	
236




	
Adult non-responders: pretreatment (N = 23)

	
1028

	
1093

	
636

	
346

	
−210

	
0.09

	
(−458, 38)




	
Adult non-responders: post-treatment (N = 23)

	
1238

	
1422

	
784

	
411
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Table 3. Epidemiological and clinical data: responders versus non-responders.
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Responders

(N = 56)

	
Non-Responders

(N = 50)

	
p-Value




	
Gender




	
Males (N = 68)

	
60.7%

	
68%

	
0.54




	
Rural area (N = 75)

	
76.8%

	
64%

	
0.2




	
Occupation

	

	

	




	
Children (N = 62)

	
62%

	
54%

	
0.43




	
Farmers (N = 36)

	
3.6%

	
12%

	
0.14




	
Self-reported hygiene (N = 106)




	
Wash hands after using the toilet

	
94%

	
96%

	
1




	
Use soap for washing hands

	
76.8%

	
64%

	
0.2




	
Use latrine

	
83.9%

	
72%

	
0.16




	
Walk barefoot

	
98.2%

	
94%

	
0.34




	
Wash vegetables

	
94.6%

	
96%

	
1




	
Eat raw meat or vegetables

	
25%

	
32%

	
0.52




	
Saw worms in stool

	
23.2%

	
12%

	
0.2




	
Used anthelmintic agents in the past

	
62%

	
56%

	
0.55




	
Had allergic disorders

	
18.2%

	
10%

	
0.27




	
Cause of admission (N = 98)

	

	

	




	
Infection (N = 38)

	
43.6%

	
30%

	
0.2




	
Respiratory disease (N = 41)

	
44.6%

	
32%

	
0.22




	
Cardiac disease (N = 7)

	
5.4%

	
8%

	
0.7




	
Gastrointestinal symptoms (N = 11)

	
8.9%

	
12%

	
0.75




	
Urinary tract condition (N = 6)

	
10.7%

	
0%

	
0.03




	
Neurologic condition (N = 6)

	
0

	
12%

	
0.01




	
Clinical presentation (N = 106)




	
Skin changes before treatment

	
41.1%

	
34%

	
0.55




	
Skin changes after treatment

	
8.9%

	
6%

	
0.72




	
Hemoptysis before treatment

	
7.1%

	
0

	
0.12




	
Hemoptysis after treatment

	
1.8%

	
0

	
1




	
Chest pain before treatment

	
39.3%

	
40%

	
1




	
Chest pain after treatment

	
14.3%

	
12%

	
0.78




	
Abdominal pain before treatment

	
48.2%

	
58%

	
0.34




	
Abdominal pain post-treatment

	
7.1%

	
14%

	
0.34




	
Diarrhea before treatment

	
20%

	
8.9%

	
0.16




	
Diarrhea after treatment

	
0%

	
2%

	
0.47




	
Nausea or vomiting before treatment

	
25%

	
40%

	
0.14




	
Nausea or vomiting after treatment

	
1.8%

	
10%

	
0.1




	
Weight loss before treatment

	
55.4%

	
44%

	
0.33




	
Weight loss after treatment

	
12.5%

	
14%

	
1




	
Constipation before treatment

	
12.5%

	
16%

	
0.78




	
Constipation after treatment

	
7.1%

	
4%

	
0.68




	
Fever before treatment

	
58.6%

	
48%

	
0.33




	
Fever after treatment

	
17.6%

	
12%

	
0.43




	
Chills before treatment

	
32.1%

	
36%

	
0.69




	
Chills after treatment

	
1.8%

	
2%

	
1




	
Myalgia before treatment

	
44.6%

	
36%

	
0.43




	
Myalgia after treatment

	
12.5%

	
10%

	
0.77




	
Headache before treatment

	
50%

	
48%

	
0.85




	
Headache after treatment

	
14.3%

	
18%

	
0.79




	
Throat irritation before treatment

	
30.4%

	
18%

	
0.18




	
Throat irritation after treatment

	
12.5%

	
8%

	
0.53




	
Limb swelling before treatment

	
5.4%

	
16%

	
0.11




	
Limb swelling after treatment

	
1.8%

	
8%

	
0.19




	
Eye redness before treatment

	
8.9%

	
26%

	
0.04




	
Eye redness after treatment

	
3.6%

	
6%

	
0.66
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