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Part I: Introduction 
 
 

 

Introduction 

 
Pediculosis capitis is a very common infestation, mainly affecting children between 3 

and 12. However, adolescents and adults can also be infested. The prevalence of 

head lice differs from country to country and depends on the diagnostic criteria and 

methods used. Nevertheless, in school children in industrialised countries active 

infestation rates around 10% are frequently reported 1-4 and higher prevalences are 

not exceptional.5 ,6 

Even though head lice infestations cause clinical lesions and physical discomfort, 

their medical importance derives from their psychological, financial and social impact.  

Head lice cause social distress at school and in the family 7 and are associated with 

feelings of shame and disgust.8 

The direct costs for pediculicides and louse combs associated with pediculosis are 

impressive. Estimates for the costs of pediculicides in the USA (total population of 

almost 300 million) are between $240 million 9 and $367 million.10 In Belgium (total 

population just over 10 million) over € 4 million was spent on pediculicides in 2002.11 

Indirect costs associated with pediculosis are difficult to estimate. In schools with a 

“no-nit policy” children are sent home for as long as nits are present in the hair. 

These children must be cared for by a parent leading to absence from work and loss 

of parental wages.10 This policy obviously has an important impact on the child’s 

education.9 

Pediculosis has a large financial and social impact on the child, its family and the 

community which indicates that this problem needs a specific and well designed 

management. 

 

Scabies is not a life threatening condition but nevertheless it is a nuisance for the 

affected individual because of the rash and the intense and persistent pruritus that 

can be depressing and severely debilitating.12 However, scabies has a large impact 

on public health. It is estimated that 300 million new cases of scabies occur world 

wide every year.13 Scabies is endemic in many resource poor communities. In 

developed countries on the other hand, institutions and social disadvantaged 

populations are particularly at risk of large outbreaks. The costs that are involved with 
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the management of scabies in institutions are considerable.14 An early diagnosis, 

efficient therapy and identification of persons or groups at risk are of paramount 

importance in the management of scabies.  

 

Pediculosis and scabies are closely related skin conditions. Both are caused by 

ectoparasites, transmission usually occurs through close contact with infested 

persons and itch is a typical clinical sign. Furthermore, some chemical compounds, 

such as permethrin, are used in the treatment of both diseases. 

The management of pediculosis and scabies should incorporate an accurate and 

early diagnosis, identification of persons or groups at risk, effective treatment and 

appropriate preventive measures. For the development of a qualitative management 

for both diseases, the principles of evidence-based medicine can be used as 

guidance. 

 

Evidence-based medicine (EBM) is a relatively new way of practicing and teaching 

medicine which has gained considerable respect over the last 15 years. Until about 

40 years ago it was assumed that every physician thought and handled in the correct 

way.15 Knowledge was gathered from the unsystematic observations of clinical 

practice and insight into the patho-physiology and mechanisms of disease was 

regarded as the only guide for clinical practice. Traditional medical observation and 

common sense were regarded as sufficient to provide the background and skill 

necessary to evaluate new tests and treatments. Guidelines for practice were usually 

based on expert opinion or a consensus of experts.16 A classic medical education 

followed by continuing education obtained from journals, individual experiences and 

contacts with colleagues were considered the way to acquire knowledge. However, in 

the seventies and eighties it became apparent that physicians could not process all 

the information necessary for a complex medical decision on this basis, and that 

decision should not be based on the art of medicine or clinical judgement alone.15 

Several publications demonstrated that there was a wide variation in practice 

patterns and that different physicians applied different practices to essentially the 

same type of patients.15 ,17 Furthermore, there was a wide gap between clinical 

research and clinical practice. There was a lack of good evidence for some medical 

practices and moreover many practices were found ineffective in clinical trials. It was 
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in this context that a shift occurred from the paradigm of classic medicine to the new 

concept of evidence-based medicine.16 

 

EBM was first described in a paper produced by the EBM working group in 1992 and 

it was defined and discussed in a frequently cited paper by Sackett et al. in 1996.16 ,18 

 

In a recent definition EBM is described as "... the integration of the best research 

evidence with our clinical expertise and our patients unique values and 

circumstances." Clinical expertise is the ability to use clinical skills and past 

experience to make a more effective and efficient diagnose. It enables us to identify 

each patient’s personal circumstances and expectations. Patient values stands for 

the unique preferences, concerns and expectations of each patient which must be 

integrated into clinical decisions. The patient’s circumstances are the individual 

clinical state and setting.19 The best available research evidence is defined as valid 

and clinically relevant patient-centred research. Systematic reviews, meta-analyses 

of randomised controlled trials (RCT) and RCT’s are regarded as the highest level of 

evidence.  

The availability of evidence (or rather the lack of it) has been identified as one of the 

problems in the practise of EBM and is particularly problematic in the area of 

pediculosis and scabies because little evidence has been generated in these fields. 

Recently attention has also been drawn on the fact that, apart from medical 

evidence, there is also a need for contextual and policy evidence. Contextual 

evidence deals with the challenge of treating a particular patient in a specific 

situation. For instance, what treatment can be prescribed if the standard treatment is 

too expensive for your patient? Policy evidence addresses the optimal allocation of 

resources.20 

 

As a first step towards the development of an evidence-based management of 

pediculosis and scabies, we outlined research questions that are crucial for rational 

therapy of head lice and scabies. The research questions are summarised in the 

overview on page 5. 

In this thesis we attempted to find an answer for the research questions by 

systematically collecting all available evidence and by providing new evidence 

through original research. 
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 Part II: Pediculosis 
Diagnosis: 

 What is the accuracy of the methods for detection of pediculosis described in the 

scientific literature? 

 What are the costs of these detection methods? 

 What is the place of these detection methods in the screening for pediculosis? 

 

Epidemiology 

 What is the prevalence of pediculosis in schoolchildren between 3 and 12 years of age 

in Belgium? 

 What are the risk factors for pediculosis in this population? 

 

Treatment 

 What are the treatment options for pediculosis, what is their value and place and what 

evidence is there to support their use? 

 Which products are efficacious for the removal of the eggshells from human hair? 

 

Management 

 Who should be involved in the management of pediculosis, what is the role of each 

partner and how can a strategy be implemented? 

 
Part II: Scabies 
Diagnosis: 

 What are the key elements for the diagnosis of scabies and what is the value of 

diagnostic techniques? 

 

Epidemiology 

 What is the incidence of scabies in Belgium? 

 What are the risk factors for scabies in Belgian patients? 

 

Treatment 

 What are the treatment options for scabies, what is their value and place and what 

evidence is there to support their use? 

 

Management 

 Is there a deficit in the knowledge about scabies among GP’s and dermatologists in 

Belgium? 

Overview of research questions in this thesis.  

 s are important when handling a case of scabies?  What step

 5
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1. Introduction 

 
Pediculosis capitis is caused by Pediculus humanis capitis, the human head louse.  

P. humanus capitis belongs to the Anoplora or sucking lice together with P. humanis 

corporis or the body louse and Phthirus pubis or pubic louse. Head lice and body lice 

mainly differ in their habitat. Head lice are usually found on the scalp while body lice 

have their habitat in clothing and are only found on the body when feeding.21 Body 

lice presumably originated from head lice about 72000 years ago.22 Recent molecular 

research suggests that head lice and body lice do not interbreed and are probably 

separate species (in which case they should actually be named P. capitis and P. 

corporis).23 Phthirus pubis on the other hand belongs to another genus and is very 

different from the pediculidae. 

 

The head louse is a dorsoventrally flattened insect with six legs. The legs end in a 

claw which is specially adapted to grasp a hair. Lice have no wings and cannot fly or 

jump.24 Adult lice crawl at a speed of approximately 12 cm/min. Younger stages are 

slower with first instars crawling at a speed of 6 cm/min. 25 Lice are host specific, 

meaning that human lice can only live and reproduce on humans.24 ,26 

 

Adult lice are about 3 mm long; males are slightly smaller than females. Males can 

also be distinguished from females by the presence of dark transverse bands on the 

dorsum of the abdomen. Furthermore their abdomen is rounded while the female 

abdomen terminates in two large posterior lobes, giving it a bilobed appearance (Fig. 

1).24  

The life cycle of the head louse starts when the gravid female lays her eggs. The 

eggs are oval shaped, shiny and tan to brown coloured.27 The difference between 

empty eggshells (or nits), viable eggs and dead eggs will be discussed in Chapter 4 

together with the way nits are attached to the hair and how they can be removed. In 

vitro studies have shown that a female louse lays an average of 6 eggs a day and a 

total of about 55 fertile eggs after a single insemination (during her fertile life).21 ,24 
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 Fig. 1: A) Adult, gravid female louse, B) Adult male louse. 

The eggs hatch after seven to ten days and need the humid and warm climate of 

their host for a successful incubation. Temperatures between 24 and 37 °C with an 

optimum between 29 and 32°C are required for the eggs to hatch.24 28 

The nymphs moult 3 times over a period of another 7 to 10 days before the adult 

stage is reached.24 A hatched head louse lives for 23 to 30 days.29 ,30 

The survival of head lice away from the host is limited. They die of starvation after 55 

hours at 23°C.24 They survive longer in colder than in warmer temperatures.21 

 

There is a lot of controversy in the scientific literature on the transmission of head 

lice. It is generally agreed on that head-to-head contact is a definite mode of 

transmission but there is no consensus on the intensity or frequency of the contact 

needed for transmission. Opinions also differ on the importance of the transmission 

via inanimate objects, so called “fomites”.8 ,31 ,32 

 

The spatial and kinetic patterns needed for transmission of lice from one hair to 

another were studied in vitro. Apparently lice do not transfer if a hair passes at an 

angle of 90° but only when it passes parallel to the hair on which they are clinging. 

There is almost no transfer on hairs passing dorsally or ventrally, most lice transfer 

on hairs passing lateral and preferentially from tail-to-head and at a slow speed. In 

only 7.1% of the attempts there was a transfer. These experiments suggest that 

repeated and prolonged head-to-head contact is required which is however not 

confirmed by real life experience.33 
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In vitro studies have shown that all stages are able to leave the host but adults 

stages have a greater tendency to look for a new host than nymphs. The authors 

conclude that adults are most likely responsible for initiating new infestations and 

they suggest that control measures should focus on this stage. Head lice are 

dislodged by using a hair dryer, a normal comb, towelling and friction of fabric. They 

can be removed with a vacuum cleaner but not with a dust buster (a small hand-held 

vacuum cleaner). Almost 60% of the eggs removed from the host hatch in 15 days if 

they are exposed to a human host for only 8 hours a day and kept at room 

temperature for the rest of the day. With this experiment the authors wanted to 

simulate a situation where eggs were removed from the host and left in the bed.25 

These in vitro experiments illustrate that lice can actively leave the host or can be 

dislodged by manipulating the hair. However, several factors should be taken into 

account before this evidence is applied back to daily practice. First the risk of 

transmitting lice in a passive way depends on the number of lice per patient and the 

number of lice that are effectively dislodged. Transmission via fomites will obviously 

be more important in heavily infested cases than in mild cases. The risk of a new 

infestation after contact with fomites will also depend on the period during which the 

lice are away from a host. The longer they are deprived of a host, the lower the 

survival rate and the capacity to infest a new host. Transmission of lice through 

fomites is possible but it is probably less important in practice than head-to-head 

transmission.34 ,35 

 

Speare et al. investigated the role of bedding in the transmission of head lice. Two 

lice were found on 2 pillowcases out of 48. The subjects who used these pillowcases 

had 17 and 41 lice on their heads respectively. Lice are killed during a hot wash 

(66°C) or a cycle in a dryer (15 min at 70°C). Lice are not killed in a cold wash or by 

drying outdoors. The authors conclude that the transfer of lice to pillowcases occurs, 

but the incidence is low, and the number of lice per pillow case is also low.36 Similar 

results were found in a recent study by Izri and Chosidow. Lice and nits were killed 

by washing linen at a temperature of at least 50° C or a cycle in a dryer.37 Head lice 

experimentally placed on brushes and combs are killed after exposure for 30 

seconds to water of 60 °C.38 
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Lice exclusively feed on the blood of their host. Fine stylets cut the skin and are 

inserted into a scalp capillary. The amount of blood lost in this way is less than 1 ml 

per month and will not result in anemia.39 When feeding, lice inject saliva into the 

host to promote vasodilatation. Saliva and fecal material provoke an immunologic 

response in the host  which leads to the development of symptoms.40 The response 

to a bite changes in function of the duration of an infestation. In the first phase there 

are no clinical symptoms after a bite. In a second phase a papular reaction develops 

24 hrs after the initial bite, together with moderate pruritus. In the third phase there is 

weal formation within 30 minutes and an intensive pruritus. In the fourth phase the 

reaction is attenuated with less pruritus and only a papular reaction.  

Pruritus, excorations and bite reactions are the most common findings related to an 

active infestation.41 In severe cases there might be an associated pyoderma.42  

However, little more than half of the infested children have clinical manifestations. 

Because pediculosis can occur without pruritus or other symptoms all members of a 

family have to be checked if one family member has head lice.  

 

The estimates of the number of lice per patient differ. One study mentions an 

average of 30 lice per patient 39 while three quarters of the examined children had 

between 1 and 10 lice in another study. 4 The number of lice found per child depends 

highly on the method used to find them. Accurate studies on large series have not 

been done until now. 

 

Head lice and body lice play a different role in public health. Body lice are known 

vectors of Rickettsia prowazekii, Bartonella quintana and Borrelia recurrentis. These 

pathogens are responsible for respectively louse borne epidemic typhus, trench fever 

and louse borne relapsing fever.43 ,44 45 

In general head lice do not transmit these pathogens. Studies however have 

demonstrated that head lice are capable of transmitting Rickettsia in vitro but the 

clinical importance is limited.45 However it has been shown that they are able to 

spread S. aureus and S. pyogenes.29 Until now, there have been no reports of head 

lice transmitting other infectious diseases.  
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Diagnosis, epidemiology, treatment, and general management of pediculosis will be 

discussed in detail in chapters 2, 3, 4 and 5, starting from the research questions 

listed in the general introduction.  

 

The literature that is used to discuss the topics, was searched in a systematic way in 

order to find all relevant publications. Different databases were searched, such as 

PubMed and ISI Web of Science, using MeSH headings such as “Pediculus”, “Lice 

Infestations” combined with other headings and subheadings such as “Permethrin”, 

“diagnosis”, “therapy”, “transmission”,… This search was repeated regularly.  

Interesting literature, e.g. a PhD dissertation, was also found in references of some 

publications,. 
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2. Diagnosis of pediculosis 

 
Diagnostic techniques are a crucial element in epidemiological research and clinical 

trials.46 An accurate diagnosis is also the cornerstone of the management of 

infectious diseases. Undetected cases of pediculosis can act as a source of 

(re)infestation and hamper the effective management, even if detected cases are 

treated correctly.47 False positive diagnoses on the other hand will lead to 

unnecessary treatment. Furthermore, if a patient is evaluated post treatment and a 

false positive diagnosis is made, one could wrongly conclude that the treatment has 

failed. Therefore false positive diagnoses can also be a potential reason for 

“treatment failure”.48  

The diagnosis of pediculosis is based on two key elements: the diagnostic criteria 

and the diagnostic method. 

The only correct definition of an active infestation is the presence of a living, moving 

louse and/or viable eggs. The presence of eggshells (either empty or containing a 

dead egg) is a sign of a past infestation and thus the latter obviously should not be 

used to diagnose active pediculosis. 7 ,47 

 

Several methods have been described to diagnose an infestation. The oldest, 

traditional method is visual inspection (VI). The hair is parted with the fingers or 

applicator sticks and the scalp is inspected.21 ,49 Another method is dry combing 

(DC). First the hair is untangled using an ordinary comb. Then the hair is combed 

section per section using a fine toothed comb.49 An ordinary shampoo or a 

pediculicide is sometimes used to facilitate the detection of head lice. In “shampooing 

and straining” the hair is washed with an ordinary shampoo and the rinse water is 

collected and strained through a towel.50 Hair can be shampooed with a pediculicide 

before combing it with a fine toothed comb.6  

Finally, wet combing (WC) is a detection method in which water, conditioner and a 

fine toothed comb are used. First the hair is thoroughly wetted and ample conditioner 

is applied to the hair. The scalp is systematically combed lock by lock using the fine 

toothed comb while gently touching the scalp. After every stroke the comb is wiped 

on a tissue and checked for lice. The hair is rinsed when the entire scalp surface is 
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combed. Then the procedure is repeated but this time the hair is combed from the 

nape of the neck towards the forehead. This method was derived from Bug Busting 

wet combing in which the hair is shampooed before applying the conditioner.47 ,51 The 

methods described above are used in epidemiological research and therapeutic 

trials.1 ,6 ,52-55 

However, there are only two studies comparing the diagnostic performance of three, 

frequently used, detection methods. DC was found to be four times more effective 

than VI.49 In a comparison of VI with WC, VI resulted in 10% false negatives and 30% 

false positives.56 Until now, no gold standard for the diagnosis of pediculosis has 

been described.47 

 

From the available literature it seems that DC and WC are more accurate than VI. 

One could also suspect that WC might be more accurate than DC. In the first 

method, moist and conditioner are used to immobilise lice and this should facilitate 

detection. WC on the other hand implies more costs and is more time consuming. 

 

In the current context, three important questions are identified: 

 What is the accuracy of VI, DC and WC for detection of pediculosis ? 

 What are the costs of these detection methods? 

 What is the place of these detection methods in the screening for pediculosis? 

 

In an attempt to provide new evidence, we conducted original research which is 

summarised below. 

 

In 2005 we screened 608 children between 2 and 14 years of age attending 4 

primary schools and kindergartens in Ghent, Belgium. All children were consecutively 

screened on the same day with VI, DC and WC by 3 different, blinded screening 

teams.  

The time needed to complete a detection method was registered using a stopwatch. 

Time started running as soon as detection was initiated and ended when the first 

living, moving louse was found or when the procedure was completed in the absence 

of lice. The cost to screen a child was estimated per method. The estimation was 

based on the cost for material that is strictly needed to perform the screening. Costs 

for tap water, material needed for administration or the laundering of towels were not 
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included. The cost for personnel was not included because large scale screenings 

are usually performed by a variable number of professionals, assisted by many 

volunteers. 

This study was approved by the ethics committee of the University Hospital Ghent 

ll positive results were double-checked by an expert to avoid false positive 

ead lice were found in 7.6 %, 15.0% and 18.8% of the children with respectively VI, 

 = 0.002, χ² = 9.49) higher than of DC and 2.47 (P 

(2004/409) and all parents were asked for their consent. 

 

A

diagnoses. Since all positive test results were confirmed cases of pediculosis, the 

specificity of each method used in this study was by definition 100%. Moreover, the 

sensitivity of each method can be expressed as the ratio of the prevalence of lice as 

detected by that method (numerator) and the true prevalence (denominator). Hence, 

under these particular circumstances, comparing sensitivities of screening methods is 

equivalent to comparing their detection rates. The McNemar test was used to 

compare related samples; the Kruskal-Wallis test was used to compare independent 

samples. The threshold for statistical significance was chosen at α=0.05. 

 

 

 

 

 

 

 

 Fig. 2: Venn diagram of the true positive results according to VI, DC and WC. (n= 608)  

 

H

DC and WC (Fig. 2). Nits in the absence of lice were found in 17.9 %, 9% and 8.1% 

with respectively VI, DC and WC. 

The sensitivity of WC was 1.25 (P

< 0.001; χ² = 59.07) times higher than of VI. The sensitivity of DC was 1.98 times (P 

< 0.001; χ² = 33.97) the sensitivity of VI. The costs per screened child were 57% 

higher with WC than with DC and the costs per detected case were 26% higher with 

WC compared to DC.  
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The median time to screen a child without head lice using VI, DC and WC was 

respectively 2'46", 3'10" and 5'31" (P < 0.001, Kruskal-Wallis test χ2 = 325.62, df 2). 

The median time needed to detect head lice with VI, DC and WC was respectively 

2'54", 2'02" and 3'34" (P< 0.001, Kruskal-Wallis test = 42.33, df 2). 

It seems that WC has a higher diagnostic performance than DC and VI but more 

expenses and human resources are needed. If the necessary resources are 

available, WC should be advocated. WC is best done at home but it can also be 

done at school during screening campaigns. DC is the next best alternative when WC 

is not possible and is perhaps more feasible for routine screenings. VI should be 

abandoned. 

 

A full description of this research is given in paper 1. 

 

 Diagnostic value of screening methods for head lice. Hilde Lapeere, Jean-Marie 

Naeyaert, Dirk De Bacquer, Robert H Vander Stichele, Jan De Maeseneer, Lieve 

Brochez. Submitted. 
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3. Epidemiology of pediculosis 

 
Numerous reports on the epidemiology of pediculosis have been published. These 

reports generally describe local prevalence rates of pediculosis in school children. 

Some also investigate the influence of specific characteristics of each child examined 

in order to identify risk factors for pediculosis. The potential risk factors studied can 

be divided in three categories: personal characteristics of the child (age, sex, hair 

type, hair colour and hair length), crowding (class, school, educational level) and 

SES (profession, educational degree or income of the parents). 

Only a few studies report incidence rates recorded over a longer period of time.57-59 

These data are nevertheless important to detect seasonal trends or the influence of 

social events such as the start of school after a long holiday. Longitudinal follow up is 

also important to monitor the effect of new management strategies on a short and 

long term basis.5 ,60 

 

Studies on the prevalence of pediculosis should be interpreted carefully because 

there is an enormous heterogeneity in the diagnostic criteria, diagnostic methods and 

statistical methods used (Table 1). The most accurate screening method should be 

used in order to obtain reliable results. This means that the screening should be 

performed at least with dry combing or even better with wet combing. This is 

discussed in detail in Chapter 2. The complex interaction between several 

characteristics should be taken into account in the analysis of the results, 

necessitating the use of the appropriate statistical techniques. 

 

 

There are currently several gaps in our knowledge about the epidemiology of 

pediculosis. The following two questions are relevant to the management of 

pediculosis in Belgium: 

 What is the prevalence of pediculosis in schoolchildren between 3 and 12 years 

of age in Belgium. 

 What are the risk factors for pediculosis in this population. 

 



Table 1: Summary of studies on prevalence of pediculosis. 

 
* Conditioned combing is another variant of wet combing. The hair is not wetted first and the conditioner is applied on dry hair. 
** The hair is first treated with a permethrin 1% formulation and combed with a fine toothed comb. 
 

  

 

Country Year Sample size Diagnostic criteria Diagnostic method Prevalence Reference 
Argentina 2005 1370 Nits and/or mobile lice Visual inspection 61.4% 52 
Korea 2003 7495 Nymphs, lice or viable eggs Visual inspection 5.8% 54 
Turkey 2005 1569 Nymphs, lice or nits Visual inspection 16.6% 61 
Turkey 2003 5318 Live or dead eggs or nits Visual inspection 6.8% 62 
Brazil 2002 884 Nymphs, lice or nits Visual inspection 35% 63 
India 2002 940 Nymphs, lice or eggs Visual inspection 16.6% 64 
Jordan 2000 2519 Nymphs, lice or nits Visual inspection 13.4% 65 
Kenya 1986 1270 Lice or viable eggs Visual inspection 8% 66 
UK 2000 909 Nymphs or lice Dry combing 28.3% 5 
Israel 1990 3079 Lice or viable eggs Dry combing 11.2% 4 
Niger 1985 7360 Nymphs or lice Dry combing 5.7%s 67 
Belgium 2005 6169 Living lice or nymphs Wet combing 8.9% 2 
Australia 2004 1838 Lice or live eggs Conditioned combing * 13% 3 
Belgium 2002 677 Living lice or nymphs Wet combing 16.4% 1 
Turkey 2003 20612 Live lice or nits Not specified 3.4% 68 
Nederland 2000 2008 Live lice or eggs Not specified 0.8 % 59 
Argentina 1997 341 Nymphs, lice or nits Not specified 81.5% 69 
Australia 1999 456 Lice, viable eggs Pediculicide combing ** 21% 6 
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Original research was performed in order to explore prevalence and the risk factors 

for head lice in children between 3 and 12 attending nursery and primary schools in 

Ghent, Belgium. 

A total of 6169 children, representing 30% of the total target population, were 

scre l characteristics of 

the child (age, sex, hair length, colour and type, class and school) and characteristics 

of the family (number of children in the family and SES) was collected. SES of the 

fam ers na tatus in the 

hou ile  analysis was 

performed, using software written in SAS.  

Live  were found in 8.9% of the children and another 4.6% had nits without lice.  

Bivariate analysis showed a significant association between the presence of head 

lice u er of children 

per e s class and 

sch is r individual 

cha ). ariance at 

class level within schools was 2.58 (P < 0.001) and the level of the different children 

within clas wa 59 (P < 0.001). 

Some l c act tics (hair colour ir th, family size and SES of the 

vid lev n w h ve a higher 

o e assumed 

t

e n as also a 

im nce of hair 

th could be explained by the fact that lice are mainly transmitted by head-to-head 

and subsequently opportunities for transmission occur more frequently in 

ned, children in larger families have a higher 

e multiple siblings 

t can act as potential sources. Finally, the current study showed that children from 

 current research demonstrated that a multilevel analysis is needed to determine 

  impact of each independent Th al owed that 
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e
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ply a causal relationship. Presumably the factors indirectly lead to a 

The results of this study need to be interpreted with care. A statistical significant 

association between head lice and several individual characteristics of the child do 

not necessary im

higher prevalence because they hamper detection (e.g. hair colour) or treatment of 

lice (e.g. SES). 

 

A full description of this research is given in paper 2. 

 

 The importance of socio-economic status and individual characteristics on the 

prevalence of head lice in schoolchildren. Sara Willems*, Hilde Lapeere*, Nele 

Haedens, Inge Pasteels, Jean-Marie Naeyaert, Jan De Maeseneer. (* Both 

authors equally contributed to this paper) Eur J Dermatol 2005;15(5):387-392. 
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4. Treatment  

 
4.1 Treatment of lice 

inding the appropriate treatment for pediculosis is a real challenge. Patients are 

nd often they “cannot see the 

ood for the trees”. The role of health care workers is to advise parents and patients 

evi

acc

be 

he central research question in this field is: 

F

confronted with a bewildering choice of treatments a

w

on the relative value of the available treatment options, based on the best available 

dence, taking each patient’s own specific circumstances and preferences into 

ount. Furthermore, the safety profile of the different treatment options should also 

taken into account. 

 

T

 What are the treatment options for pediculosis, what is their value and place and 

what evidence is there to support their use? 

 

The treatments for pediculosis can be divided into six categories: local chemical 

treatments, mechanical treatments, systemic treatments, natural treatments, 

suffocating agents and “household remedies”.  

 

Since the 1940s, most research on the treatment of pediculosis has revolved around 

natural or synthetic insecticides.21 One of the oldest groups of insecticides are the 

organochlorines of which DDT is the most notorious member. DDT has been used 

extensively for the treatment of pediculosis but also in food production. It was banned 

in 1973 in the USA because of human safety reasons and environmental issues.70 

Lindane is another insecticide belonging to the organochlorines. The use of lindane 

has been forbidden in Belgium since 1997 but this product is still used for the 

treatment of pediculosis capitis in other countries.32 ,71 Carbaryl is an insecticide 

which is available only on prescription in the UK. 

The most commonly used insecticides for the treatment of pediculosis are pyrethroids 

and malathion.  

 21
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In the 19th century flowers of Chrysanthemum cinerariaefolium were used for their 

ties. These flowers contain the natural insecticidal product 

hemical structure of pyrethrin, the first 

nthetic pyrethroid, allethrin was produced. It was not long before other more active 

ped, such as d-phenothrin, bioallethrin and permethrin.72 

echanical treatments are based on removing adult lice and nymphs using a head 

 system connected to a vacuum cleaner 

tes

.  Rare but severe side effects 

uch as aplastic anemia and toxic epidermal necrolysis have been reported after the 

is not recommended for children 
88

 this product in the treatment of pediculosis has not been 

established.  For these reasons, ivermectin should not be used in the treatment of 

pediculosis. 

insecticidal proper

pyrethrin. Soon after the discovery of the c

sy

pyrethroids were develo

Pediculicides based on pyrethroids often also contain the synergist piperonyl 

butoxide. It inhibits mixed-function oxidases and reduces metabolic resistance to 

pyrethroids.73 Malathion 0.5% lotion was developed more than 30 years ago.74 It is 

an organophosphate which irreversibly inhibits cholinesterares.29 

In Belgium pediculicides containing malathion, permethrin and bioallethrin (or 

depallethrin) are available over the counter.  

 

M

louse comb. Electric head louse combs and a

(“Lice snatcher”) have been developed but only the Bug Busting method has been 

ted in clinical trials.55 ,75-79 

 

Several systemic treatments have been suggested for the treatment of head lice. 

Two small clinical trials of limited quality report on the use of the antibiotic 

combination of sulfamethoxazole and trimetoprim 54 ,80 ,81

s

use of this compound. This antibiotic should be reserved for the treatment of serious 

bacterial infections.29 

Anthelmintic compounds, such as thiabendazole, albendazole and levamisole have 

been suggested as effective treatments, based on uncontrolled open studies or 

dubious clinical trials.82-84 Side effects such as cutaneous reactions, hematologic 

abnormalities and gastro intestinal problems have been reported. 85 ,86 These agents 

should be used for severe parasitic infestations and not for pediculosis since safer, 

local treatments are available. Recently ivermectin has been suggested as a 

treatment option for pediculosis.87 However, it 

younger than 5 years of age or less than 15 kg in weight.  Furthermore, the safety 

and efficacy of
32
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Over the last decade there has been an increasing interest for the insecticidal 

properties of essential oils and natural compounds. Essential oils such as tea tree oil, 

Eucalyptus globulus leaf oil, Eugenia caryophyllata oil, Lippia multiflora oil, have 

shown some pediculicidal and ovicidal activity in vitro. 65 ,89-91 Two small clinical 

studies attribute pediculicidal activities to extracts of Annona squamosa seed and 

henna.92 ,93 A natural remedy containing coconut and ylang-ylang oil had the same 

effectiveness as a classic pediculicide in an open clinical trial.94 

Essential oils and natural compounds are extracted from plant material and usually 

contain many different chemical constituents. There is little control on the quality and 

k of contamination, for example with 

esticides used during the cultivation of the plants.95 Little is known about the 

ese products is needed before they can be assessed in 

linical trials.96 Until then, these products should not be used in the treatment of 

 A second study found that the cure rate with dimethicone 4% 

 of treatments, the best available evidence, which is a systematic review 

composition of these oils. Their composition may vary according to the manufacturer 

or batch. These products are also at ris

p

mechanisms responsible for the pediculicidal effect of essential oils and other plant 

extracts.96 Tee trea oil was recently shown to inhibit acetylcholinesterase 97 which is 

also the mode of action of malathion. More information about the mechanism of 

action and safety profile of th

c

pediculosis. 

 

Another approach to the treatment of head lice is based on the hypothesis that lice 

can be suffocated with local agents.98 ,99 One study reported astonishing results with 

Cetaphil ® cleanser (a gentle soap to clean the face) but raised ethical concerns and 

was heavily biased.100

lotion was 70% which was comparable to the cure rate of classic pediculicide.101 This 

treatment might be valuable if the results are confirmed in future trials. 

 

Finally household remedies such as oils, hair gel, mayonnaise or petrolatum have 

been cited in literature.99 ,102 Even dangerous products such as kerosene or gasoline 

are mentioned.48 An in vitro study demonstrated that househould remedies such as 

vinegar, isopropyl alcohol, olive oil, mayonnaise, melted butter and petroleum jelly 

are not capable to eliminate head lice efficiently.48 

 

A treatment for pediculosis should be effective and safe. When evaluating the 

effectiveness

 23
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in first instance or good quality RCT’s, should be consulted. A major problem in the 

treatment of pediculosis is the lack of good quality RCT’s and traditional literature 

reviews.103 There are no RCT’s of good quality on the use of home remedies, natural 

treatments, systemic treatments and mechanical treatments except Bug Busting. 

Two systematic reviews, mainly on the effectiveness of pediculicides, have been 

published. The first by Vander Stichele et al.104 concluded that sufficient evidence 

proved the effectiveness of permethrin alone and that more evidence was needed for 

of quality was biased by a high number of personal communications.103 

ance study of 

ermethrin 1% crème rinse, 2.2 adverse events per 1000 treatments were reported. 

able. Mutagenic and carcinogenic 

ffects have been found in vitro and in animal studies107 but these effects have not 

treatments such as malathion and carbaryl. Pyrethrines were assessed as not 

sufficiently effective.104 However, the criteria to assess the quality of the clinical trials 

were developed post hoc and not a priori, as acknowledged by the author. 105 

A second systematic review by the Cochrane collaboration concluded that 

effectiveness was proven for permethrin, malathion and synergized pyrethrins. 

However, this review included only 3 clinical trials on pediculicides. Several 

methodological concerns were raised regarding this review. The 3 accepted trials 

were conducted in developing countries, involving populations that do not reflect the 

patients in a developed country. The review also ignored 2 trials referenced in the 

systematic review by Vander Stichele. Furthermore, the selection of trials and the 

assessment 

 

As far as safety of the different treatments is concerned, pyrethroids seem to have a 

favourable safety profile. Natural pyrethrins can elicit local side effects such as skin 

irritation, rash, redness and swelling. This natural plant extract should not bee used in 

patients allergic to chrysanthemums, ragweed and other related plants because of a 

possible cross reaction. Permethrin on the other hand does not cause allergic 

reactions in people with plant allergies. In a postmarketing surveill

p

All recorded adverse events (such as oedema, erythema, hypoesthesia and pruritus) 

were mild. 106 

Malathion is also regarded as a safe product with only minor adverse events (scalp 

irritation and conjunctivits) reported but some concerns have been raised. Alcoholic 

lotions containing malathion are potentially flamm

e

been reported in humans.  
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Severe adverse events have been associated with the use of lindane. These include 

neurological effects such as dizziness, seizures, headache and paresthesia and even 

some deaths have been reported.108 Lindane is no longer in use in Belgium. 

One case-control study found a statistical significant association between acute 

s Bug 

 

ounter pediculicides (57% versus 13%).55 The overall quality of this study is good. A 

ence which might be influenced by financial issues, time investment, 

drowning in a swamp of reviews. Hilde Lapeere, Robert 

H Vander Stichele, Jean-Marie Naeyaert. Clin Infect Dis 2003;37:1580-2. 

leukaemia and the use of home insecticides, garden insecticides and insecticidal 

treatment for pediculosis.109 However, these results are probably influenced by a 

“recall bias” and should be confirmed by further research. 

In view of the emerging resistance and to limit the exposure to insecticide, it is 

sensible to avoid repeated treatment with pediculicides. If chemical treatments are 

ineffective it is advisable to consider a mechanical treatment option such a

Busting. 

 

Until now Bug Busting has been studied as a treatment option in 4 clinical trials, of 

which the first was a pilot trial and the second, an open trial on efficacy. 77 ,110 A third, 

pragmatic trial found that the cure rate with Bug Busting was only 38% which was 

significantly lower than the cure rate of 78% in the group treated with malathion.76 

Finally, in a recent effectiveness trial with an improved version of the Bug Buster Kit, 

a significantly greater proportion was cured with the Bug Buster Kit than with over the

c

possible bias could be that no information is given on the number of children who 

volunteered for this study but were finally not included. This might have introduced an 

inclusion bias in favour of Bug Busting.111 

 

As an overall conclusion it can be stated that there is insufficient evidence to support 

the use of home remedies, natural products and systemic treatments. The 

effectiveness of pediculicides and Bug Busting has been demonstrated in clinical 

trials. The success rate of these treatments will depend the patient’s (or rather his/her 

parents) prefer

motivation, concern about toxicity, application skills needed and consideration of the 

environmental consequences. 

 

The controversy in the treatment of pediculosis is discussed in Appendix I: Evidence 

in the treatment of head lice: 
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4.2 Resistance to pediculicides 
Another decisive factor for the success rate of chemical treatments is the pattern of 

local resistance. 

 

DDT was formerly used for head louse control but widespread use of the product led 

to word-wide resistance. Similarly, lindane has become ineffective in many parts of 

the world due to extensive use. 

Clinical trials with permethrin showed a cure rate of 99% back in 1986 when the 

product was first introduced. Less than 10 years later in vitro studies from Israel and 

the Czech Republic demonstrated that lice collected from local school children were 

significant less sensitive to permethrin compared to a fully susceptible reference 

train. 112 Since then, varying levels of permethrin and/or pyrethrin resistance have 

ounting mortality.119 

roblems with the WHO protocol, such as difficulties to hold the lice for the required 

usceptible head lice 116 ,123), exposure time (1 hour 

ersus 2 hours 114 ,122) and preparation of filter paper disks. Recently, a topical 

s

been reported. in France, Argentina, the UK, Australia, the USA and Denmark. 113-118  

Similarly, cure rates with malathion were close to 100% in the early 1990’s but 

recently resistance to malathion has been reported in the UK, Australia and 

Denmark.114 ,115 ,117 

 

Resistance is usually monitored with bioassays. In 1981 the WHO issued a protocol 

for resistance testing in body lice and head lice. According to this protocol, groups of 

10 to 20 adult lice are exposed to a pediculicide impregnated filter paper. After the 

exposure time, which depends on the tested pediculicide, lice are transferred to clean 

sheets and incubated for 24 hours before c

P

time, have lead to many different versions of the filter paper assay. Some groups 

apply time-mortality bioassays in which mortality is recorded in function of exposure 

time 120 ,121 while others use dose-mortality assays in which lice are exposed for a 

fixed amount of time but replicates with different concentrations are done.114 ,122 

Protocols also differ in the life stages used (first instars, adults only, adults and large 

nymphs 114 ,120 ,122), the fully susceptible reference strain used (laboratory reared 

body lice versus insecticide s

v

application procedure in which a fixed amount of fluid is applied per louse has been 

described. According to the authors, a wider range of resistance levels can be 
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measured using this method. They also suggest that it is an easier and faster 

od to the filter paper method are needed to examine the 

orrespondence between the two methods.113 

 to malathion, a product that is only available on prescription and 

 available on the US market since 1999.116 

re also resistant to 

enzyme groups responsible for enzyme-based resistance to organophosphates (such 

procedure than the filter paper method. However, more studies comparing the topical 

application meth

c

The heterogeneity in susceptibility assays makes it impossible to compare resistance 

rates between different countries. Nevertheless, resistance has been recorded in 

several countries. 

In 1994, resistance to permethrin was documented in head lice in Israel, only 2.5 

years after the introduction of permethrin to the Israeli pediculicide market.121 

In Argentina, a sample of lice, collected from children in different schools in Buenos 

Aires, showed resistance to permethrin, however with considerable variation in the 

resistance ratios according to the school where the lice originated from. There was 

cross resistance to deltamethrin and sumithrin, two other pyrethroids, but not to 

carbaryl.122 

Permethrin resistant lice have also been detected in the United States. This sample 

was still susceptible

is

In vitro studies on head lice collected in Bath and Bristol showed double resistance to 

both malathion and permethrin. Head lice from these samples remained fully 

sensitive to carabaryl. 114 

In a later study, head lice from four regions in the UK were found to be resistant to 

permethrin and malathion. Head lice collected in Leeds we

carbaryl.124 

Susceptibility tests by Hunter et al demonstrated substantial variability in 

susceptibility to malathion, pyrethrum an permethrin between different schools in 

Australia.115 Permethrin and malathion resistance has been demonstrated in samples 

of head lice in Denmark.117 

 

In general, there are two major resistance mechanism: target-site modification and 

enzyme-based detoxification. In target-site modification, the pediculicide no longer 

binds to the target site.  

In enzyme-based detoxification the pediculicide is degraded before it exerts its effect. 

Monooxygenases, esterase and glutathione S-transferase (GST) are the major 
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as malathion), carbamates (such as carbaryl) and pyrethroids (such as natural 

pyrethrum, phenothrin and permethrin). 

 

Most of the research in head lice has focussed on mechanisms involved in pyrethroid 

ssay by Picollo et al., head lice were found to be resistant to 

ers of 

e remaining after synergism suggests the presence of other 

n (ETOC) as a substrate. The rate of 

hates but not for pyrethroids. The authors could not find an association 

nt with PBO resulted in a significantly faster mortality 

sponse in the Massachusetts strain but not in the Florida strain, indicating that the 

resistance. 

 

In a filter paper a

permethrin and cross resistant to deltamethrin, β-cypermethrin and d-phenothrin but 

not to carbaryl. The addition to the permethrin impregnated filter pap

piperonylbutoxide (PBO) a mixed function oxidase inhibitor, partially reversed the 

permethrin resistance. Triphenylphoshate, a carboxyesterase inhibitor also reversed 

permethrin resistance but to a lesser extent than PBO. The authors concluded that 

enhanced metabolism is involved in pyrethroid resistance but the substantial degree 

of resistanc

mechanisms.73 

The same group measured the activity of monooxygenases in a sample of permethrin 

resistant head lice, using 7-ethoxy coumari

deethylation of ETOC by monooxygenase was determined by measuring 

fluorescence. A positive relation was found between enzyme activity and the level of 

permethrin resistance.125 

In a sample of Israelian head lice, there were indications of a GST based DDT 

resistance. This mechanism confers secondary resistance for some 

organophosp

between pyrethroid resistance and an amplified or elevated esterase system. 

Monooxygenases only had a small effect on pyrethroid resistance.123 

Permethrin resistance was demonstrated in lice collected in Florida and 

Massachusetts. Pre-treatme

re

oxidative metabolism serves as a permethrin resistance mechanism in the former 

strain but not in the latter.126 

 

Reduced neuronal sensitivity or “knockdown-resistance” is a form of target-site 

modification and is a common resistance mechanism for both DDT and permethrin 

resistance and has been documented in several species.  It is unaffected by 
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synergists that inhibit insect esterases and monooxygenases. It is caused by 

reduction in the sensitivity of the insect nervous system to pyrethroids. 

voltage-sensitive sodium channel α-subunit gene. 

oltage gated sodium channels are transmembrane proteins that regulate sodium 

da and Bristol.126  

the more recently detected D11E and M850T mutations are 

se, GST and 

ylphosphorotrithioate (DEF) as an esterase inhibitior 

nd PBO as a monooxygenase inhibitor showed that the addition of DEF increased 

 

Genetic analyses showed that this type of resistance is tightly linked to the para-

orthologous 

V

influx into the cell, causing depolarisation of the cell membrane and propagation of 

action potentials. Pyrethroids bind to these proteins, causing a permanent influx of 

sodium ions and a prolonged depolarisation of the neuronal cell membrane 

eventually leading to paralysis. 

These sodium channels consist of an α subunit and two β subunits. The α subunit is 

thought to have 4 domains, each consisting of 6 transmembrane segments. 

Through molecular cloning and sequencing, two point mutations (T929I and L932F) 

have been located in the IIS5 transmembrane segment in permethrin-resistant lice 

collected in Flori

In a later study, permethrin resistance was again confirmed and a strong correlation 

was found between the presence of T929I and L932F mutations and permethrin 

resistance was found.116 In Denmark, 95% of the tested permethrin resistant lice had 

both T929I and L932F mutation.117 

These two mutations and 

potential genetic factors responsible for kdr type resistance. 127 

 

The mechanisms conferring to malathion resistance have only recently been 

investigated. Possible mechanisms are reduced target site sensitivity but also 

enhancement of metabolism by cytochroom p450 monooxygena

phosphotriesterases.  

 

Malathion resistant head lice from Bristol were used to determine which mechanisms 

are important in malathion resistance. 

Bioassays, using S,S,S-tribut

a

the toxicity of malathion but not of permethrin. PBO synergised neither malathion or 

permethrin. These findings suggest that esterase play an important role in malathion 

resistance and that kdr is important in permethrine resistance.  
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General esterase activity and GST activity was elevated in the resistant strain. 

Phosphotriesterase and acetylcholinesterase activity and acetylcholinesterase 

ensitivity were not changed. The general esterases in resistant strains showed 

ctivity of these two 

 was no difference in acetylcholinesterase activity or 

resistance to carbaryl is starting to emerge. The 

demiological methods need to be developed to 

ore specific knockdown-resistance or kdr plays an important 

le in pyrethroid resistance. A strong correlation has been found between permethrin 

ion does not seem to play a role in malathion 

vel 

 

 

s

significantly higher affinities and rates of hydrolysis. Electrophoresis showed two 

prominent bands within the general esterases and the a

isoenzymes was greatly elevated in the resistant strain. Resistant lice had a 13.3 fold 

higher malathion cholinesterase activity compared to susceptible lice.  

It is hypothesised that an elevated level of malathion cholinesterase activity with 

possibly a unique isoform that has an elevated hydrolysis activity is the major cause 

for malathion resistance. There

sensitivity, indicating that altered target site is not likely to be involved in malathion 

resistance.120 

 

From the reports discussed above, it seems that resistance to permethrin and 

malathion is widespread and that 

pattern of resistance varies from region to region and even from school to school. It 

seems that the resistance pattern in a region is influenced by the pediculicides used 

in that specific region. Pediculicides might work in one region and can be totally 

useless in another. 115 ,122 ,126 Epi

screen for resistance in small health care areas and to guide regional adaptation of 

treatment plans.  

 

The available research suggests that monooxygenases are partially responsible for 

permethrin resistance. This type of resistance can be overruled by the use of PBO, a 

synergist that inhibits mixed function oxidase. However, assays also suggest that 

another mechanism, m

ro

resistance and point mutations T929I and L932F. 

In contrast to this, target-site modificat

resistance. Recent research suggest that an elevated malathion cholinesterase le

is the major mechanism in malathion resistance. 

Reliable, fast and cheap detection methods are needed for the repeated

epidemiological assessment of local resistance patterns, based on bio-assays and if

possible, on genetic screening for mutations in head lice. 
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Resistance to pediculicides can no longer be ignored and will probably become more 

and more important. One way to overcome insecticide resistance is to develop new 

pediculicides. However, history has illustrated that these products have a relative 

short life span. Mechanical methods such as Bug Busting, are not influenced by 

resistance and are therefore a valid treatment option, especially in regions with high 

resistance. 
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4.3 Removal of eggshells 
 

The presence of eggshells (with or without viable eggs) poses several problems. The 

first problem is that chemical treatments for pediculosis should have optimal 

pediculicidal but also ovicidal properties in order to effectively control pediculosis. But 

the latter is often their downfall. Most formulations are not sufficiently ovicidal and 

hould be repeated regularly to kill the newly hatched nymphs.29 ,112 Even if a patient 

is successfully treated, the empty eggshells can remain for a long time in the hair 

because they are firmly stuck to the hair and difficult to remove. In these 

circumstances, the presence of obvious nits is not only a cosmetic problem and is 

sometimes mistaken for an active infestation leading to unnecessary treatment.128 

 

A literature search was started, based on the following questions: 

s

 How are eggshells attached to the human hair? 

 Which products are efficacious for the removal of eggshells from human hair? 

 

The egg laying process has been extensively studied in body lice. Egg laying by 

head lice shows great resemblance to the process in body lice. The egg and its 

membranes develop in the ovarioles of the female louse. They are separated from 

the oviduct by a plug of tissue. First, the louse threads a hair between the gonopods. 

Then an adhesive substance is secreted by the glue glands. The substance fills the 

oviduct and is spread around the human hair, forming a tube. Then the plug of tissue 

breaks and the egg is released into the oviduct and pushed into the adhesive 

substance. The substance sets and forms a solid tube or cylinder around the hair 

which extends into an eggshell (which is also known as a “nit”) surrounding and 

protecting the egg.129 The distal end of the egg consists of several domed elements 

and is called the operculum. This structure is not covered with the adhesive 

substance and in vitro experiments using body lice eggs suggest that the operculum 

functions as a respiratory opening.129 Usually the eggshells are oriented with the 

cylinder towards the hair root and the operculum pointing towards the tip of the hair. 

Empty eggshells, eggshells containing a viable egg or embryo and eggshells 

containing a dead egg/embryo can be found in the hair of an infested person. At the 

beginning of embryonic development only patches of cells are visible.129 Towards the 
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end of the development several structures such as the head, the red eye spot and 

e limbs can be distinguished. The operculum is clearly visible (Fig. 3). 

iable eggs are shiny and tan to brown coloured.27 Dead eggs are shrivelled and are 

ranslucent and the 

curately distinguish between the 

. 

also be laid further away from the scalp, for example when long hair touches the 

th

 

 

 

 

 

 

 

 

 

V

dark brown or black. The empty eggshells whiten and become t

operculum is gone. A microscope is needed to ac

three types of eggshells (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the past a rule of thumb was formulated to distinguish viable from non-viable eggs 

with the naked eye. It was assumed that eggs were always laid close to the scalp

Eggs located further than 1 cm away from the scalp were presumed to be dead. 

Since hair grows at a rate of approximately 1 cm per month, eggs located further than 

1 cm from the scalp are older than 1 month and non-viable.130 However, eggs can 

Fig. 3: Viable nit. The eye spot and operculum are clearly visible.

Fig. 4: Differential diagnosis of “nits”. (http://www.hsph.harvard.edu/headlice/photos.html) 
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scalp. 24 ,29 The rule of thumb that nits further than 1 cm from the scalp are dead or 

empty is thus not correct. 

 

Several authors have tried to unravel the composition of the eggshell. Histochemical 

examination of the adhesive substance using the glue glands dissected from living 

male lice revealed that the adhesive mainly consist of proteins.129 This finding was 

onfirmed by Burkhart et al. who performed pyrolysis-gas chromatography and mass 

pectrometry on the solid nit cylinders.131 ,132 This study revealed a high relative 

bundance of components derived from phenylalanine, tyrosine, tryptophan and 

lutamic acid. The same authors investigated whether products such as vinegar, 

cetone, vodka, bleach, all purpose degreaser and petrolatum facilitated the removal 

s describe how they measured the effect of the 

 a small un-blinded clinical study beneficial results were demonstrated with a nit 

moval system containing a formic acid 8% cream rinse and metal comb. The 

ontrol site was only combed with a plastic comb.133 However, difference in the type 

f combs used could account for a better result in the treated site.134 Thorough in 

itro and in vivo studies are lacking to support the use of products to facilitate nit 

moval. Nevertheless, home remedies such as vinegar and the formic acid cream 

nse are cited over and over again in traditional literature reviews.32 ,98 ,135 

he central issue in this field of research is the quest for products that facilitate the 

moval of nits in vitro and in vivo.  

 first step in this quest is to find a procedure to objectively measure the force 

eeded to remove nits from the human hair. Because no such procedure was 

fe

c

s

a

g

a

of nits in vitro. Only bleach, vodka and vinegar assisted mildly but were not 

therapeutically efficacious.102 Mumcuoglu et al. report that acid shampoos, 5% acetic 

acid, conditioners and vegetable oils are effective in detaching eggs from the hair.98 

However, none of these author

studied products. 

In

re

c

o

v

re

ri

 

T

re

A

n

described in literature, we developed a device for in vitro measurements of the force 

needed for nit removal.  

A small metal cylinder was attached to a force transducer. A hair with a nit was put 

with its scalp end through the metal cylinder and knotted to a bent needle connected 

to a surgical thread. The thread was attached to the axis of a slow-spinning electrical 

motor. The measurement procedure started when the motor was activated and 

 34



Part II: Pediculosis | Chapter 4 Treatment 
 

began pulling the hair through the cylinder. At the point where the nit was halted by 

the metal cylinder, force started to build up, until the nit cylinder lost grip on the hair 

nd the hair began sliding through the immobilised nit (Fig. 5). The device was 

s. The distal end of the hair was cut 20 mm behind the nit. 

a

calibrated and tests showed that the method had an acceptable level of precision. 

The force from the force transducer was recorded with a pen recorder, producing 

graphs of developed force as a function of time. The following parameters were 

determined: 1) the first peak in the plot (Fpeak), 2) the average force (Fav) and 3) the 

maximum force (Fmax).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A total of 104 hairs from 18 infested children were cut as close to the scalp as 

possible. Only single nits attached 17 mm from the proximal end of the hair were 

used for technical reason

Fig. 5: Diagram of the device to measure the force needed to remove a nit. The proximal end of the 
hair is slid through the metal cylinder that is attached to the force transducer. The proximal end is 
knotted to the bent needle of a surgical thread that is attached to the motor. The hair with the nit 
starts to slide through the metal cylinder when the motor is turned on. The metal cylinder holds the 
nit back, and the force to remove the nit is measured. 

The diameter of the hair, the distance of the nit from the scalp end of the hair and the 

length of the nit cylinder were also determined (Fig. 6). A Spearman’s rho correlation 

coefficient was used to explore correlations and the Kruskal-Wallis test was used to 

compare medians of multiple groups.  
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Fig 6.: Photograph of a nit attached to a hair with the measured variables. (A) Length of the nit 
cylinder. (B) Diameter of the hair. (C) Distance of the nit from the scalp end side of the hair. (D) 
Distance of the nit to the distal end of the hair, cut at 20 mm. 

The mean ± SEM of Fpeak, Fav and Fmax was respectively 66 ± 3.7, 51 ± 3.1 and 

130 ± 5.3 mN (n=93). There were no significant between-patient differences in the 

easured forces. A positive correlation was found between all three force 

arameters and the length of the nit cylinder, a negative correlation was found 

etween Fmax and the distance of the nit from the scalp end side of the hair. There 

as no correlation with the diameter of the hair. 

he device described above is easy to handle and cheap to construct. Furthermore, it 

roved to be a feasible and reliable method to measure the force parameters that 

etermine the difficulty or ease with which nits can be removed from human hairs. 

his procedure was further optimised to improve data processing and was used to 

valuate the efficacy of several products to facilitate the removal of nits from human 

airs. 

airs were obtained from 6 children between 7 and 11 years (average age 9). The 

airs of patient 1 and 2 were divided into 13 equal groups of approximately 25 hairs. 

hese groups were used for the measurements in batches 1, 2 and 3.  

m

p

b

w

T

p

d

T

e

h

 

H

h

T

For the 4th batch, 7 equal groups were created with the hairs of patients 3 and 4. 

Finally, the 5th batch consisted of five equals groups containing hairs of patients 5 

and 6. 

Within one batch, the hairs from two patients were divided so that all groups 

contained more or less the same number of hairs and that there were no differences 

in distance of the nit to the proximal end of the hair or length of the nit cylinder.  
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The products tested within one batch can be compared because the groups within 

one batch were very similar. Batches 1, 2 and 3 can also be compared with each 

ther because hairs from the same patients were used. They cannot be compared to 

atch 4 or 5 because hairs from different patients were used. 

 the first batch, a short treatment with commercial nit removal products and ordinary 

onditioner was tested. The commercial nit removal products, available in Belgium or 

he Netherlands, are basically conditioners with one or more additives that are 

upposed to facilitate nit removal. 

ne group of hairs was left untreated. The other groups were treated respectively 

ith Shampoux Balm Activ, Para Balm, Neetex and ordinary conditioner. The hairs 

ely 2, 3, 4, 5 and 6 were prepared 

s 

 

m batch one) 

 of 

ication with almond oil and a long application of conditioner. 

r, as 

plied 

for 10 minutes and then rinsed under luke warm tap water. In the seventh group, the 

o

b

 

In

c

T

s

O

w

were treated according to the instructions on the package insert. The hairs were first 

wetted with luke-warm running tap water before the product was applied. The product 

was left on for 10 minutes and rinsed before testing.  

 

In the second batch the effect of formic acid (FA) solutions with different pH values 

was explored. FA solutions with a pH of respectiv

by changing the ratio of sodium formate to FA, and were tested on five groups of 

hairs. A sixth group was used to test the effect of the vehicle, which was pure 

deionized water with a measured pH of 5.4. All groups were immersed in the FA 

solution or pure deionized water for 10 minutes and tested immediately, without 

rinsing. These groups were compared to the group of untreated hairs from the first 

batch. 

 

In the third batch, the effect of FA in a gel vehicle was tested. One group of hairs wa

treated with the blanco gel (vehicle) and a second group with a gel containing 4% FA.

The effect of these substances was compared to the untreated hairs (fro

and hairs treated with deionized water (from batch two). 

In a fourth batch, we tested the effect of the consistency of the HPMC gel, but also

an appl

A first group was left untreated and a second was treated with deionized wate

described above. The third and fourth groups were treated as previous with a blanco 

2% HPMC gel and a blanco 3% HPMC gel. In the sixth group almond oil was ap
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same oil was left on the hair during force measurement. In an eight group the 

ordinary conditioner was applied on the hair and left on during force measurement

Finally the fifth batch was used to explore the effect of a long application of 

conditioner versus a short application. One group was left untr

s.  

eated; the hairs of 

roup 2 and 4 were treated for 10 minutes with respectively the ordinary conditioner 

as 

le groups and the Mann-Whitney test was used to 

< 

in deionised water significantly 

duced the Fav and Fmax (Fig. 7A). In the second batch with FA solutions, the Fav 

). 

d 

MC 

 a soak 

ized 

up 

 with 3% HPMC gel. The continuous application of ordinary conditioner 

trikingly reduced the measured forces (Fig. 7D).  

d that a soak in 

 a 

g

and a commercial nit removal product (Para Balm). Groups 3 and 5 were treated with 

the same products but the hairs were not rinsed. 

Data were analyzed using SPSS software (version 12). The Kruskal-Wallis test w

used to compare medians of multip

compare medians of two groups. The threshold for statistical significance was at P 

0.05. 

 

The measurements in the first batch showed that treating the hairs with a commercial 

nit removal product, ordinary conditioner or a soak 

re

was only significantly reduced in the group treated with deionised water (Fig. 7B

Fmax on the other hand was significantly reduced in all treated groups. In the thir

batch both Fav and Fmax were reduced in the groups treated with the pure HP

gel and HPMC gel with 4% FA but there was no difference when compared to

in deionized water. (Fig. 7C)  

In the fourth batch, Fav and Fmax were reduced in the group treated with deion

water and almond oil left on the hair. Fmax was also slightly reduced in the gro

treated

s

Finally the measurements in the fifth batch revealed no difference between the 

commercial product and the ordinary conditioner. The continuous application of either 

the commercial product or the ordinary conditioner resulted in a greater reduction of 

Fav and Fmax than the short application. (Fig 7E) 

A first observation in the current research was that deionized water significantly 

reduced the force needed to remove a nit. LaTorre et al. observe

deionized water reduces the friction coefficient of a hair. The water probably acts

lubricating layer and reduces the friction between the hair and the nit.136  

A second observation was that ordinary conditioner also facilitated the nit removal. A 

short application of conditioner was less efficacious than the continuous application  

 38



Part II: Pediculosis | Chapter 4 Treatment 
 

Untreated

(n= 24)

Shampoux 
balm activ

(n= 23)

Para balm

(n= 23)

Neetex

(n= 20)

Ordinary 
conditioner

rinsed
(n= 24)

Deionized 
water

(n= 23)

Treatment

0

20

40

60

80

100

Fa
v 

(m
N

)

120

140

* *
**

*
*

A

Untreated

(n= 24)

Deionized 
water

(n= 23)

FA pH 2

(= 23)

FA pH 3

(n= 22)

FA pH4

(n= 23)

FA pH 5

(n= 23)

FA pH 6

(n= 24)

Treatment

0

120

140

20

40

60

80

100

Fa
v 

(m
N

)

*

B  

Untreated

(n= 24)

Deionized water

(n= 23)

HPMC gel

(n= 24)

FA 4% in HPMC gel

(n= 22)

Treatment

0

20

40

60

80

100

Fa
v 

(m
N

)

120

140

*

*
*

C

Untreated

(n= 21)

Deionized 
water

(n= 24)

gel 1% 
HPMC

(n= 24)

gel 3% 
HPMC

(n= 24)

Ordinary 
conditioner 
non-rinsed

(n= 24)

Almond oil
rinsed

(= 23)

Almond oil 
non-rinsed

(n= 20)

Treatment

0

50

100

150

Fa
v 

(m
N

)

200

*

**

*

D  

Untreated

(n= 24)

Ordinary 
conditioner, 

rinsed                  
(n = 25)

Ordinary 
conditioner 
non-rinsed      

(n= 24)

Commercial 
product,          
rinsed            
(n= 24)

Commercial 
product

non-rinsed         
(n= 27)

Treatment

0

20

40

60

Fa
v 

 (m
N

80

100

120

) **

** **

**

E  

Fig. 7: Box plots of Fav in the different treatment groups. A) Different commercial nit removal 
products and ordinary conditioner, short application time. B) HPMC gel with and without F
Solutions of FA with different pH. D) Almond oil long and short appplication time, pur HP

A. C) 
e MC gel in 

different consistency, ordinary conditioner long application time. E) Ordinary conditioner and 
commercial nit removal product in long and short application time. 
* SSD from untreated with P < 0.05. ** SSD from untreated with P < 0.001 
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 40

 lubricant 

and decreases friction. Probably the hair  

conditioner is left in place during the force 

We also observed no difference between 

removal products. Furthermore, the addition of

reduce the forces needed to remove the nit 

the contrary, forces were higher in formic 

been observed that the friction coefficien  higher than in 

undamaged hair.136 It is not unlik

removal of nits. 

 

applying each product to individual hairs. T

using a device which consisted of a meta

There are however some differences bet tting and clinical 

practice. Products are usually applied to t dual hairs, 

probably putting a different am

practice a nit comb is used to remove nits, 

known if the in vitro research is r  reason, 

clinical trials are also needed to assess 

 

s application of an ordinary conditioner 

re, it is a user friendly and non-toxic 

ical relevance of this finding needs to 

of the conditioner. It has been demonstrated that a conditioner acts as a

 is surrounded by a thicker layer if

measurements.136  

ordinary conditioner and commercial nit 

 formic acid to deionized water did not 

compared to pure deionised water. On 

acid solutions with pH 4, 5 and 6. It has 

t in damaged hair is

ely that formic acid damages the hair, hampering the 

In the research described above, the efficacy of several products was determined by

he force to remove a nit was measured 

l cylinder attached to a force transducer. 

ween this in vitro se

he whole scalp and not to indivi

ount of product on each hair. Furthermore in daily 

pulling at several nits at a time.  It is not 

epresentative for the in vivo setting. For this

the effectiveness of the tested products. 

This research suggests that the continuou

significantly enhances nit removal. Furthermo

product, already commercial available. The clin

be confirmed by in vivo tests. 
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A full description of this research is given in paper 3 & 4. 
 

 Method to measure force required to remove Pediculus humanus capitis 

(Phthiraptera: Pediculidae) eggs form human hair. Hilde Lapeere, Lieve 

Brochez, Yves Vander Haeghen, Cyriel Mabilde, Robert Vander Stichele, 

Luc Leybaert, Jean-Marie Naeyaert. J Med Entomol 2005;42(1):89-93. 

 Efficacy of products to remove eggs of Pediculus humanus capitis from the 

human hair.  Hilde Lapeere, Lieve Brochez, Yves Vander Haeghen, Robert 

H. Vander Stichele, Jean-Paul Remon, Jean-Marie Naeyaert, Luc Leybaert. 

Manuscript in preparation. 
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5. Management of pediculosis 

 
In the management of pediculosis, three questions seem important: 

 Who should be involved in the management of pediculosis 

 What is the role of each partner? 

 How can the strategy be implemented? 

 

Several policies have been proposed for the management of pediculosis.  

Control strategies with the school nurse in a key position have been promoted in the 

ure on the subject. In this type of policy, the school nurse is responsible 

follow up of treatment and prevention. The 

prevention strategy consists of regular screenings at school and the “no-nit policy”.137 

Regular screenings (at least 3 times a year) are advised because they supposedly 

facilitate early detection. The no-nit policy means that a child is excluded from school 

as soon as head lice are found. Children are not allowed back to school until all 

eggshells or nits are removed because they are regarded as a source of potential 

reinfestation and may cause confusion in the diagnosis.137 

This type of control strategy has received a lot of criticism because the responsibility 

for pediculosis rests entirely on the shoulders of the school nurse.138 It has not been 

demonstrated that regular screenings actually reduce prevalence.130 ,139 Data are 

also lacking to substantiate the benefits of a no-nit policy. 138 ,140 Furthermore, 

exclusion from school (which might be prolonged in some cases) disrupts the 

educational process.141 

 

More and more examples of a “whole-school approach” or community approach are 

beginning to appear in the literature. These models start from the principle that the 

management of pediculosis is a concern of the whole community.112 ,139 ,141 ,142 

Children, parents, school nurses, teachers, school administrators, pharmacists and 

physicians should be involved.112 Everyone should join forces to create an open, 

non-stigmatising atmosphere in order to keep pediculosis manageable.142  

 

older literat

for the spread of information, detection, 
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Parents play a key role in the management of pediculosis because detection and 
142 The containment of pediculosis starts with 

130 but many parents neither possess the 

ecessary knowledge nor sufficient skills.143 To diagnose head lice, one has to know 

m. One way to 

 them into the habit of 

rably by wet combing 143 because this technique 

t rrently available and is easiest to do at 

ome. 

should be 

due on the hair, exposure 

n in a way that is understandable for all parents using easily 

ccessible tools.141 School nurses are also an important source of information for 

 the ideal 

retext to involve parents into the management of pediculosis in their community and 

educate them about correct screening methods for pediculosis.1 ,139 One yearly 

treatment is mainly their responsibility.

the accurate and early diagnosis of lice 

n

what lice look like and use the most accurate method to find the

improve the diagnostic capacity of parents could be by getting

weekly checking their children8, prefe

is he most accurate diagnostic method cu

h

Treatment is also an important task for parents to undertake. They 

accurately informed about the treatment options and be free to choose the option that 

best fits their setting and beliefs. This policy improves compliance and diligence in 

adhering to the therapy protocol.144 Parents are often confronted with treatment 

failure which causes anger, frustration and disappointment. There are many reasons 

for treatment failure such as reinfestation,7 ,112 ,145 ,146 incorrect application of 

pediculicides,7 ,112 ,145 ,146 use of ineffective pediculicides,146 incorrect implementation 

of wet combing, resistance to pediculicides7 ,112 ,146 or incorrect diagnosis146. Improper 

use of pediculicides includes excessive dilution, overuse and prophylactic use of 

pediculicides.130 Resistance is caused by pediculicide resi

of lice to sublethal doses, inadequate concentration of active ingredients in products 
87 ,145 and unnecessary treatments.10 

 

The role of the school nurse and others SHD staff is to support the parents in the 

battle against head lice by giving them correct advice in a non-judgemental way. 142 

The advice must be give

a

teachers.147 The transmission of information will be more effective if an open 

relationship based on trust is established with the parents.148  

The screening of a whole school is labour-intensive and requires a proper 

organisation.141 There is no proof that regular screening of the whole school will 

result in a lower prevalence.130 ,139 However, mass screening can be important to 

create an open atmosphere about the subject. Furthermore, it can be

p
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screening is also a valuable tool to monitor the effect of pediculosis management 

programmes.60 SHD staff most often have contact with families, school 

administrators, teachers, physicians and pharmacists and this department could be 

the ideal partner to coordinate the management of pediculosis in a school community 

and establish a policy.141 

 

Teachers can make pediculosis discussable and can help remove the stigma by 

teaching children about lice. Furthermore, they can reach the parents through their 

children by setting project work which involves parents. It is also important that 

 there was a lack of knowledge about treatment 

nd prevention of pediculosis among primary health care professionals and 

ntrol on the labelling of 

teachers are correctly informed about pediculosis because parents often turn to them 

for advice about pediculosis.112  

 

Pharmacists are in the ideal position to give advice on the type of products that are 

available and how and with what frequency they should be applied. Physicians are 

often not the first person patients turn to for advice. Patients often try several 

treatments before seeking medical advice.149 But when patients seek medical advice 

it is important that physicians can explain and perform the correct method to 

diagnose lice. Furthermore, they need to be up to date about the recent evolutions in 

the treatment of pediculosis. It is their task to prescribe the safest and most effective 

treatment for pediculosis and supervise the treatment.87 ,150 

A survey in the UK demonstrated that

a

pharmacists, even after the distribution of guidelines. The authors suggest that the 

lack of knowledge could contribute to ineffective control of head lice infestations and 

that greater effort is required to educate these professionals.150 

 

Last, but not least, local authorities and central government also plays a crucial role 

in the management of pediculosis. There should be a strict co

products that claim to kill head lice. Only products with proven efficacy and 

effectiveness should be permitted for sale in pharmacies. The government is also 

responsible for the distribution of correct, understandable evidence-based information 

through channels which are readily accessible for the general public because an 

effective management can only be established if all professionals give accurate and 

consistent treatment advice.112 ,151  
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There are several ways to implement a whole-school or whole-community approach. 

One model describes how a long-term follow-up strategy is organised after an initial 

elimination programme. 

In a first phase, all health care staff received information about pediculosis. 

Subsequently, all children within the community were screened in a standardised way 

y trained nurses, in order to assess the baseline prevalence. During the next 12 

r responsibility of hair care from school nurses back 

 parents. 

reduced, but the effect of 

ad louse comb and a 

onditioner, as described earlier. The necessary reusable combs and instructions on 

b

months public awareness was raised and health care workers, education staff and 

social services were further educated about pediculosis. During this period an 

“elimination day” was prepared. The aims of this day were to increase the knowledge 

about head lice amongst the general public and in particular parents, to reduce the 

level of infestation and to transfe

to

In order to get full cooperation, parents were contacted several times through letters 

and home visits. Short before the elimination day parents were reminded to check the 

hair of all family members on the elimination day and to treat if necessary.  

In the second phase a long term follow up strategy was organised. This strategy 

consisted, amongst others, of ongoing staff training, education and advice to parents 

and schools and annual assessments of prevalence. 

With this model prevalence rates (defined as signs of past and active infestation) and 

incidence rates (defined as signs of active infestation) were 

the initial campaign seemed to fade over the years. The project was welcomed by all 

staff and parents and reduced dissatisfaction caused by pediculosis.60 

 

Another model is the Bug Busting ‘whole-school approach’. In Bug Busting, the hair is 

first washed with a shampoo before combing it with a specific he

c

how to perform the method are packed in one kit which can be bought in the 

pharmacy. In the Bug Busting programme it is emphasised that a louse needs to be 

detected to prove active infestation and Bug Busting is promoted as the method of 

choice for detection. The programme is promoted in school and children take the 

message home to their parents, encouraging them to do a coordinated family check 

on a predetermined date, a Bug Busting day. Three Bug Busting days are held every 

year in the UK. 
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A whole-school approach, in which all families participate in the programme, has 

been applied in several projects. These projects illustrate how families can become 

proficient in detection and eradication of lice through a combination of the use of the 

 control epidemics in primary schools. The project involved 677 children 

logy, with 

19.5% in two schools. Parents 

n treatment if 

xplicitly asked. 85% of the children who were found positive at the initial screening 

tions, child welfare, youth health care services, general practitioners’ 

ssociation and the pharmacists’ federation took part in this forum. This initiative 

Bug Buster kit, an educational programme and regular Bug Busting day. It empowers 

most families to gain control of head lice, giving health care providers more time to 

give additional help to the minority of cases that actually need hands-on help. 

Furthermore, in one project a reduction in the cost of head louse treatment was 

observed after the implementation of a Bug Busting programme.152  

 

Another example of a whole school project is the wet combing campaign that was 

organised in Ghent to test the feasibility and acceptability of a structured community 

approach to

aged 3-11 years, from 3 different schools. A joint meeting of teachers, school health 

and community representatives discussed the project strategy. A co-ordinated 

programme was set up, using ‘community-orientated primary care’ methodo

the objective of involving the community and empowering the target population.153 It 

was aimed at children, parents, and school, health and community care staff. 

The prevalence of active infestations was 13% and 

received treatment advice allowing them to choose insecticide medication or 

repeated wet combing. Seven days after the initial screening families of positive 

children were visited by an empathic home worker who gathered information on past 

and current experience with head lice, and assisted with the chose

e

were checked again 14 days later. Only 51% were cured at day 14. 

It was found that a wet combing screening campaign, followed by a home visit to 

positive cases on day 7 and a follow up screening on day 14 was feasible and not 

grossly expensive. However, it is stressed that school efforts need to be combined 

with community efforts.1  

 

Finally, the “Head louse forum”, organised by the government in Flanders, is another 

example of the implementation of an evidence-based policy. 

Representatives of several organisations such as school health departments, 

parents’ associa

a
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resulted in a website (http://www.wvc.vlaanderen.be/luizen/) in which information 

about the diagnosis, treatment and prevention of head lice is summarised for use, not 

only by the general public but also for health care professionals.  
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1. Introduction scabies 

 
Since ancient times, it has been known that scabies is caused by a tiny organism.154 

 is said that scabies is the first disease for which a cause was found.155 

 1687 Giovanni Cosimo Bonomo described and drew the scabies mite in his 

mous letter to Francesco Redi. It was not until the mid nineteenth century that the 

edical world also accepted this hypothesis, thanks to exp  von 

ebra. 154 156 

he human scab mite, Sarcoptes scabiei var. hominis, is an obligate parasite of 

uman skin.157 Female mites are about 400 µm long and 300 µm wide and are twice 

e size of males. On microscopic examination, the mouth parts and four pairs of legs 

re usually distinguishable.16 Scabies mites are very host specific, meaning that they 

o not readily infest other hosts. However, cross-infestations are possible but do not 

equently occur and are probably self-limiting.158 

he female mite digs burrows in the stratum corneum and granulosum of the 

epidermis.157 In these burrows the female lays 2 to 3 eggs a day which need 2 to 3 

days to hatch.29 ,155 The larva, which has only 6 legs, leaves the burrow and moults 

passing through an 6 legged nymph stage before becoming adult.29 ,159 It takes 10 to 

14 days for an egg to develop into an adult stage.29 The mites feed on the lymph and 

lysed tissue of their host.158 

 

The survival of scabies mites off the host is limited. During in vitro experiments at 

room temperature mites were found to survive 24 to 36 hours off the host while 

keeping their infestive capacity to re-establish on a host.160 Mites exposed at 25°C 

survive for two and three days in an environment at 30% and 90% relative 

humidity.154 Low temperature and high relative humidity favour survival but the 

capacity to penetrate the epidermis decreases as the mite is longer away from the 

host.155 

 

It is generally accepted that close physical contact is a common mode of 

transmission. 157 13 ,29 ,159 There is however much controversy over the role of fomites, 

It
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inanimate objects temporarily carrying mites, in the transmission of scabies. Some 

n through fomites could even be more important than 

e that this mode is of minor importance.154 

 cannot be denied that living and infestive mites capable of re-infestation can be 

ns. Fomites 

resentation of scabies is pleomorphic.159 The typical burrows are a 

etimes multiple urticarial papules 

evelop on the whole body. These lesions do not contain the mite or its products. It is 

ns are not uncommon (Fig. 8).159  

ctors or just because a patient is more aware of pruritus in absence of other 

timuli.158 

experts believe that transmissio

physical contact 157 while others believ

It

present on objects that are in close contact with a scabies patient 161 but there is no 

clear evidence that these are also responsible for infestations in huma

could be important in the transmission of scabies, especially if the patient has a high 

load of mites, but their exact role remains to be determined.162 

 

The clinical p

pathognomonic sign. These burrows can be associated with papular, vesicular or 

erythematous lesions.158 A small vesicle can be found where a burrow terminates.157 

Burrows contain mites, eggs and faeces or scybala. The mite and the burrows are 

usually found on the finger webs, the wrists, the extensor side of the elbows, on the 

genitals, buttocks, axillae, waistline and around the nipples. It is not known why the 

scabies mite favours these locations.158 Som

d

hypothesised that they result from an allergic sensitivity reaction due to cell-mediated 

or humoral immune responses.158 Nodular lesions are also frequently found on the 

anterior fold of the axillae, the groin, the genitalia and on the buttocks. These nodules 

can persist for months after a successful treatment.155 Usually the head and neck are 

not involved, and lesions on the chest and back are rare.157 Other lesions such as 

scales, crusts and excoriatio

 

Scabies can mimick other skin diseases. Eczema, allergic reactions, papular 

urticaria, impetigo, syphilis, dermatitis herpetiformis, viral exanthemas, insect bites, 

pruritic urticarial papules and plaques of pregnancy, linear Ig A bullous dermatosis 

and pityriasis rosea need to be taken up in the differential diagnosis.155 ,158 ,159 

The most prominent complaint of scabies patients is itching which can be mild to 

severe. Often the itching is worse at night. It is not clear if this is because of mite 

related fa

s
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 Fig. 8: Clinical lesions of scabies. A) Burrow on the palm of the hand. B) Burrow on the finger web. 
C) Papules and scratch lesions on the trunk of an adult. D) Erythematous and nodular lesions on 
penis and scrotum. E) Papules and small burrows on the trunk of an infant. F) Pustules on the palm 
of an infant. 
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t risk because they do not feel the itch and/or do not scratch. It has been 

removes mites and destroys burrows.13 ,155 ,159 ,164 In patients with spinal cord injury 

scabies may induce increased spasticity in absence of itch.165 

In a primary infestation it takes 4 to 8 weeks before symptoms start to appear. It is 

suggested that sensitisation to mite related antigens develops during the incubation 

period. In a reinfestation the host is already sensitised and the incubation period is

much shorter with symptoms developing within 24 to 48 hours.158 

 

Children generally present with the same type of lesions but these can occur in 

atypical locations, such as the head and neck area. Pustules presenting on the palms 

may be confused with acropustulosis. Pruritus may interfere with sleeping and eating 

(Fig. 8E, F).13 

The skin reaction to the mite is often less inflammatory in the elderly. Especially in 

bedridden patients, lesions can be seen on the back which does not usually occur in 

healthy adults.154 

The administration of corticosteroids (topical or systemic) diminishes symptoms and 

lesions or leads to atypical forms making it difficult to diagnosis scabies. This form is 

referred to as scabies incognito. Lesions are also difficult to find in persons who 

frequently bathe, presumably because mites are washed away. 

 

Crusted scabies (formerly known as Norwegian scabies) is caused by the same type 

of mite that causes classic scabies but is characterised by the presence of thousands 

or millions of mites.155  Patients with crusted scabies have been reported as the 

source of outbreaks within institutions for the elderly.163 In crusted scabies, patients

present with thick psoriasiform hyperkeratotic lesions on the hands and feet and 

hyperkeratotic nails. An erythematous scaling eruption can be present on the face, 

neck, scalp and trunk but burrows are often absent or invisible.13 ,164 Crusted scabies 

is not common. It tends to develop in patients with immunodeficiency (HIV, HTLV-1,

T-cell leukaemia) or on immunosuppressive therapy (e.g. in organ transplantation). It 

has also been reported that the application of topical corticosteroids promotes the 

transformation of classical scabies into crusted scabies. Finally patients with 

cognitive dysfunction (dementia, Down’s syndrome, mental retardation) or poor 

cutaneous sensation (syringomyelia, tabes dorsalis, traumatic spinal cord injury) are 

a

hypothesised that scratching is some sort of defence mechanism because scratching 
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An early diagnosis, efficient therapy and identification of persons or groups at risk is 

of paramount importance in the management of scabies. These topics will be 

discussed in detail in the next chapters. 

The literature used to discuss the topics, was searched in a systematic way in order 

 find all relevant publications. Different databases were searched, such as PubMed to

and ISI Web of Science, using MeSH headings such as “Scabies”, “Sarcoptes 

scabiei” combined with other headings and subheadings such as “Permethrin”, 

“Ivermectin”, “diagnosis”, “therapy”, “transmission”,… This search was repeated 

regularly.  

Interesting literature that was not indexed was also found in references of some 

publications. 
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2. Diagnosis of scabies 

 
As discussed earlier, scabies can be hard to diagnose because of it’s pleomorphic 

clinical presentation and because it may resemble a lot of other skin diseases. One of 

the main issues in the management of scabies is therefore: 

 

 What are the key elements for the diagnosis of scabies and what is the value of 

diagnostic techniques ? 

 

The diagnosis of scabies is mainly based on the anamnesis and clinical findings, of 

which the burrows are pathognomonic. However, patients often present with non-

specific symptoms. Scabies may mimick many other dermatologic conditions.  

 

There are only a few diagnostic procedures that might be helpful to establish the 

diagnosis. The microscopic examination of skin scales is the gold standard.166 First a 

drop of oil is applied on a suspect lesion, preferably a burrow, and then the lesion is 

scraped using a surgical blade. The oil and skin scales are transferred onto a 

microscopic slide and covered with a cover slip. The specimen is examined under 

low magnification. The diagnosis is confirmed if a mite, eggs or faeces are found (Fig. 

9).154  

 

This procedure is very specific, meaning it will not be positive in persons without 

scabies. However it has a low sensitivity, the mite or its products are found in only 

60% of patients in whom scabies is highly suspected.154 An average scabies patient 

carries about ten mites. Finding a mite is like looking for a needle in a haystack. 

Whether or not a mite is found depends on the place were the skin scraping is 

performed. Therefore a negative skin scraping does not rule out an infestation.167 

Obviously the performance of the skin scraping technique also depends on the skills 

of the observer.168 169  
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vasive imaging techniques, such as ELM or dermatoscopy, incident light 

icroscopy and videodermatoscopy have also been described 

th a magnification up to 1000 x confirmed scabies in 89% of 

the scabies patients.173 ELM and videodermatoscopy have also been proposed as 

techniques to monitor treatment (magnification 40 x and 600 x).174 ,175 

 

 

 

 

 

 

 

 

 

Another way to collect mites is by a shave biopsy or the “burrow-trucut” technique. A 

surgical blade or a 2 mm biopsy punch respectively is used to prelevate a burrow.170 

Non-in

Fig 9 Microscopic examination of a skin scraping. A) Adult mite. B) Nymph. C) Eggs. D) Scybala. 

m

ELM performed with a dermatoscope with a magnification up to 40 x demonstrated a 

jet with contrail image corresponding to a mite and its burrow in 93% of the patients 

in whom scabies was highly suspected.166 It has been reported that the typical 

configuration can also be detected with an ordinary dermatoscope with a 

magnification of 10 x.171 

In incident light microscopy a microscope with a magnification of 200 x is used. A 

mite was found in all 37 included subjects in whom scabies was suspected.172 

Videodermatoscopy wi
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These pilot studies indicate that in vivo imaging techniques might be useful and 

promising tools. However, none of these studies describe the characteristics of the 

cluded patients. The spectrum of patients influences the performance of a test 

ecause diagnostic tests perform better in patients with a typical presentation.  

 diagnostic test is only useful if it is able to accurately recognise patients with and 

ithout disease, above all in cases where there is great uncertainty about the 

iagnosis. Furthermore the performance of all the tests mentioned above depends on 

e skills of the observer.  

 test that does not depend on skills, such as a blood test, would be a valuable 

sset.  

here are several important obstacles in the development of a diagnostic technique 

at is based on the detection of antibodies to S. scabiei var hominis. 176 

 first problem is that mite specific antigens are needed to bind with human 

ntibodies that are directed specifically against the human scabies mite. These 

ntigens are difficult to obtain because human mites cannot be grown in vitro. Animal 

ites are easier to collect and are therefore used as an alternative.177 However, tests 

sing animal mites as an antigen source for detection of human antibodies have 

ther limited results.  

erity and duration of 

 of antibodies in mild disease. Diagnostic tests will have a 

t a reliable and 

useful test will be developed in the near future 

in
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One study describing an ELISA using fox mite antigens to detect IgG directed to S. 

scabiei in the serum of human scabies patients had a sensitivity of only 48% and a 

specificity of 100% in healthy controls and 82% in patients with inflammatory 

diseases. The antibody titers were higher with increasing sev

disease.177  

In a second trial with dog mite derived antigens, both IgG and IgE were detected in 

all patients with crusted scabies but only in a few patients with ordinary scabies.178 

Both studies indicate that the antibody titer most likely depends on the severity of the 

disease with lower levels

lower sensitivity in mild cases, but it is just in these circumstances that a reliable test 

is needed. 

Another obstacle is a cross-antigenicity between S. scabiei and house dust mites. 176 

,179 ,180  

When taking all of the above into account, it does not seem likely tha
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At this time there are no validated diagnostic tests which are useful in the diagnosis 

of scabies. Furthermore, only skin scraping, the “burrow tru-cut” technique and 

dermatoscopy can be performed in daily practice. In vivo imaging seems promising 

but further research is needed to establish its performance in daily practice. 
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3. Epidemiology of scabies 

 
The two main questions that are relevant to the development of a management of 

cabies, tailored to our patient population, are:  s

 

 What is the incidence of scabies in Belgium ? 

 What are the risk factors for scabies in Belgian patients? 

 

There is little information on the incidence of scabies because only a few countries, 

such as Denmark, Poland and Slovenia have a systematic nation wide reporting 

system.12 ,181-183 Most studies are based on other sources such as army databases 
184, sentinel practice networks 185, retrospective research 186 or occasional cross-

sectional surveys 53. These reports can be interesting but it is obvious that 

conclusions based on surveys in the Israelian army or communities in Brazil, Turkey 

or Tunis are not applicable to the general patient population that physicians in a 

Western-European country such as Belgium, have to deal with. 

Nevertheless, some patterns consistently return in reports from several countries. 

During the past century three pandemics have occurred. The first pandemic started 

around 1915 reached a maximum in 1918 and declined to earlier levels by 1922. A 

second increase was observed in 1937. This pandemic peaked in 1945 and declined 

to previous levels by the beginning of the 1950s. A third epidemic began around 

1964, peaked in the early seventies and declined towards 1980. The same pattern 

occurred in several countries in more or less the same time frame which indicates 

that this pattern is not local. 12 

Recent reports seem to suggest that perhaps a new epidemic has occurred during 

the last decade of the 20th century. In the UK there has been a sharp increase in the 

incidence between 1990 and 1995 which continued until 1999. The incidence peaked 

to 470 cases per 100.000 in 2000 and slowly decreased again. By 2003 the 

incidence was half the number recorded in 2000.185 A similar pattern has been 

observed in Central Poland where the incidence increased continually from 1991 to 

1998.187  
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The incidence of scabies shows a variation over time in different countries. Some 

 has a regular pattern with the same cycle 

 

me periodic changes in the immune status of the population.12 ,182 There are 

ated and repeated infestations with 

cabies are not uncommon. Furthermore there are no such patterns in endemic 

 populations act as reservoirs. 

ovements such as war 

r massive tourism.189 

berty. The difference 

ies 

ost common in children and young adults and less 

 medical services was also suggested as a contributing factor.187 In one 

sources mention that the incidence

occurring every 30 years.182 ,188 ,189 This regular 30 year cyclic pattern would suggest

so

however no arguments to support this hypothesis of herd immunity. A permanent 

immunity for scabies has not been demonstr

s

countries.189 Another hypothesis is that some

Fluctuations in the incidence can be caused by population m

o

Most surveys indicate a seasonal variation with higher incidences during autumn and 

winter than in spring and summer.12 ,185-189 It is hypothesised that conditions for 

survival away from the host are more favourable in winter than in summer. Mites 

survive longer in cold and humid environments, conditions that particularly occur in 

winter.187 ,189 It has been postulated that cold weather encourages crowding, leading 

to more favourable circumstances for transmission.185 

There is no clear distribution of scabies according to sex or age. In Denmark a higher 

incidence was observed in girls than in boys from birth up to pu

disappeared from early adulthood on.182 In a survey from Tunisia and in both stud

from the UK a higher incidence was found in females.185 ,186 ,189 In the Polish survey 

more females than males were affected but the difference was not statistical 

significant.187 No sex difference was found in an endemic area in Brazil.187 

It is not possible to make a definite conclusion on a possible sex difference, based on 

the available literature. A complex analysis of accurate data, taking multiple risk 

factors into account, is needed but is hard to achieve.  

In most reports, scabies is m

frequent in the elderly.12 ,187 ,188 However, one recent report indicated a higher 

incidence in persons over 75 years, which might indicate a spread of scabies in 

institutions.185` 

There has been little research on the influence of socio-economic factors on the 

incidence of scabies. One study indicated that a greater rate of infestations in rural 

areas was caused by the lower socio-economic profile of this population. A hampered 

access to
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report a higher incidence of scabies was found in immigrants versus natives. This 

difference disappeared when only the groups of employed people were compared.190 

Scabies has been a notifiable disease in Flanders since 1995. A steep increase has 

been observed starting in 1998 and reaching a peak of 7.5 per 100.000 in 2001 

(Table 2). Since then the incidence has declined again. Further, extensive analysis of 

this database has not been done. The incidence recorded through this system is 

remarkably low, compared to the incidence in other countries.185 ,187 Furthermore, 

40% and 55% of the dermatologists and GP’s participating in a survey in Ghent, 

indicated that they rarely or never reported a patient with scabies to the Health 

Inspection. Scabies is probably under diagnosed and under reported, making this 

mber of scabiespatients as recorded by the Provinical Health inspection. 

data unsuitable for the assessment of the magnitude of the problem in the general 

population.191 

 

Table 2: Absolute and relative number of cases of scabies in Flanders reported to the 

Health Inspection services. 

1 Absolute nu
http://www.wvc.vlaanderen.be/epibul. Last visited on June 1st 2006. 
2 Total number of inhabitants in Flanders. http://aps.vlaanderen.be/lokaal/lokale_statistieken.htm. Last 
visited on June 1st 2006 
 

A literature search could not provide a satisfying answer to the two research 

questions mentioned above. Therefore original research was initiated. 

m er of Relative incidence per Year Individual cases 1 Collective Total nu b

cases inhabitants 2 100.000 

1995 125 11 5866106 2.1 

1996 249 

1998 138 

1999 372 

2001 449 

2002 382 6.4 

2004 289 24 

2005 231 

25 5880357 4.2 

1997 220 16 5898824 3.7 

15 5912382 2.3 

21 5926838 6.3 

2000 381 32 5940251 6.4 

24 5952552 7.5 

29 5972781 

2003 351 36 5995553 5.9 

6016024 4.8 

61 6043161 3.8 
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In order to asses the incidence of scabies and to identify subpopulations that were 

particularly at risk, a survey was conducted in 2004 among GP’s (n=344), 

pediatricians (n=75) and dermatologists (n=32) in Ghent. These physicians were 

asked to complete and return one form for every new patient diagnosed with scabies. 

A self-developed questionnaire was used to collect data about demographic 

characteristics (sex, age, nationality) and patient history (was the patient referred, 

since when did he have symptoms, had the patient already consulted another 

physician before). The physician was asked which elements were decisive for the 

diagnosis of scabies in this patient (contact persons with scabies, nocturnal itch, 

family members or contacts with itch, scabies burrows, papules, erythema, flakes, 

crusts, scratch lesions, impetigo). Finally the survey asked which treatment was 

prescribed and how many contacts of the index patient were treated. Approval for this 

roject was obtained from the Ethics Committee of the Ghent University Hospital 

were returned, reporting 67 consultations of 64 different 

ns s is

department of the University al, the d out by matologists 

bies patients were reported to 

fic nnel. 

per 100.000 inhabitants per 

idence was almost 4 times higher 

ig  than in perso ith a Be onality (P< , Fisher’s exact 

idence rates were found  

0.  persons over (Fig. 10)

rty f the 67 cons tions (54%), the patient had already consulted a 

l group) had received another type of 

 

r scybala in 70%. Permethrin cream was prescribed for most patients. 

p

(2003/295). 

Sixty-nine completed forms 

perso . One third of all ca es were reg

 hospit

tered by dermatologist

 rest was fille

s at the dermatology 

 other der

(42%) and GP’s (20%). During the same period, 39 sca

the Health Inspection which is suggestive for an underreporting of scabies through 

the of ial cha

The global incidence of scabies in 2004 in Ghent was 28 

year and was the same in men and women. The inc

in imm rants ns w lgian nati 0.001

test). The highest inc  in children under 4 years of age (50 per

100.000), in young adults between 15 and 24 (35 per 100.000) and in the elderly (51 

per 10 000 in  75) . 

In thi -six o ulta

physician for their skin problem. Thirty-six percent of them had received a scabicide 

treatment and 44% (or 25% of the tota

treatment.  

Skin scrapings were performed in 64% of the patients and demonstrated mites, eggs

o
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There was a remarkable high incidence in persons over 75 which is in contrast to the 
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Fig 10: Incidence of scabies in Ghent in 2004 per 100.000 inhabitants. 

ce usually found in the elderly. 182 ,186 ,187 ,189 In a recent survey in the UK 

 and are at a higher risk of developing crusted scabies.169 

t SES can be a risk factor for scabies.192 

t treated with a scabicide, which means that either the diagnosis of 

nagement of 

scabies in the same region which showed that the knowledge of GP’s and 

an increase was also observed in persons over 75 compared to persons between 65 

and 74.185 Older persons frequently require ambulant health care and are more often 

hospitalised or residing in institutions. They have multiple intense contacts with health 

care workers and their fellow residents which poses them at a higher risk of infection. 

Elderly patients with scabies require extra attention because they often have an 

atypical presentation

The incidence was almost four times higher in immigrants than in persons with a 

Belgian nationality. Nationality could be an indicator of SES or living conditions with a 

non-Belgian nationality reflecting a lower status or worse living conditions. Studies in 

Poland have shown a higher incidence of scabies in areas with a high level of 

unemployment and worse sanitary conditions.181 ,187 An Italian study illustrated that 

not nationality but the associated differen

Another contributing factor could be a language barrier causing difficulties to access 

health care services.193 ,194 

In 25% of the consultations, patients had already consulted another physician but 

were not ye

scabies was not yet established or that the patient was ineffectively treated. This 

seems contradictory to the results of a survey on knowledge and ma
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dermatolog ussed in Part IV: 

eneral discussion & Conclusions. 

he results summarised above may be indicative of certain trends but need to be 

terpreted with care. It is possible that not all cases were registered in this project. 

urthermore, these results need to be confirmed by an extensive analysis of a 

omplete data set containing more specific information (such as data on SES, living 

onditions etc).  

he current survey nevertheless suggests that there is still room to improve diagnosis 

nd adequate treatment of scabies. In the management of scabies, extra attention 

hould go out to vulnerable groups, especially migrants, children and the elderly.  

ists was of an acceptable level. 195 This will be disc
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A full description of this research is given in Appendix II: Short Report – Incidence 

of scabies in Belgium. Hilde Lapeere, Jean-Marie Naeyaert, Jozef De Weert, Jan 

De Maeseneer, Lieve Brochez. Accepted with revisions. 
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4. Treatment of scabies 

 
Most physicians are aware of the fact that scabies is usually treated with a cream, 

ointment or lotion. The treatment of classic, uncomplicated scabies is usually not a 

problem. However, prescribing the correct treatment in specific situations, such as 

therapy failure, pregnancy, extensive erosions of the skin etc. is more challenging. 

Therefore a literature search was performed, starting from the following question: 

 

 What are the treatment options for scabies, what is their value and place and 

what evidence is there to support their use? 

 

Scabies can be treated with a number of topical treatments and there is currently also 

ne systemic option available.  

The oldest local treatment is sulphur ointment in a concentration between 2% and 

10%. This ointment has to be applied over the whole body for three consecutive 

nights. It is not user-friendly because it is messy, malodorous and stains clothes. It is 

very cheap and is still used in various countries.196-198 DDT in a 6% alcohol 

preparation has also been used to treat scabies.197 DDT is however banned in many 

countries since the 1970s because of safety and environmental issues.199 

Preparations containing balsam of Peru have been marketed in France for the 

treatment of scabies. The active ingredients are benzyl cinnamic ether and benzyl 

benzoate. Balsam of Peru is believed to be nefrotoxic when applied over large areas 

and is notorious for its potential to induce contact allergy.196 ,197 The products 

mentioned above are not recommended in this time and age because there are few 

or no studies on their efficacy and more elegant and safer therapies are available. 

Products that are currently used worldwide for the treatment of scabies include 

malathion, lindane, crotamiton, benzyl benzoate and permethrin. 

In the UK malathion is suggested as a second-line treatment for scabies.200 This 

organophosphate is well known in the treatment of pediculosis but the evidence for 

the use of malathion to treat scabies is limited to case series.201 Therefore it will not 

be discussed further.  

o
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Lindane is an organochlorine which blocks GABA receptors, which can cause 
202 It is used in a concentration of 1% in cream or 

ption of lindane varies between 10% and 90%, 

epending on the nature of the vehicle.196 There is some concern about the safety of 

rotamiton is commercially available in Belgium as a 10% cream. In a recent clinical 

day buted to this product and it is also 

laimed to have a low toxic potential. 196 

a proprietary preparation but in Belgium it is only 

domised controlled 

 all scabies patients, including children from 2 months old and 

pregnant and breastfeeding women.201 ,206 However, the authors of the Cochrane 

hyperexcitation and convulsions.

lotion. The transdermal absor

d

lindane because there have been reports about central nervous toxicity and deaths, 

related to overexposure and ingestion of lindane.198 There is also some evidence 

about haematological abnormalities. Lindane should not be applied on patients with 

an altered skin barrier or after a hot bath because this improves absorption.203 

Lindane has been prohibited by law in Belgium since 1997. 

C

trial good results were obtained with a course of crotamiton once daily for five 

s.204 Antipruritic properties have been attri

c

Benzyl benzoate has been used as an insecticide since the 1940s. In Germany and 

France it is on the market as 

available as a compounded prescription. Solutions usually contain 25% benzyl 

benzoate and should be applied for two to three consecutive days. There are only 

limited pharmacological and toxicological data available. The most common adverse 

effects of benzyl benzoate are local irritation and contact dermatitis.196 ,197  

Permethrin is a synthetic pyrethroid commonly used for the treatment of pediculosis 

and scabies. Permethrin 5% cream is only absorbed in small amounts and is 

completely eliminated after 1 week. 198 205 The incidence of adverse events 

associated with permethrin cream is 2.5 per 1.000 of which irritation, burning and 

stinging are most frequent. An allergic contact dermatitis caused by formaldehyde is 

rare but occurred in 2 patients per 500.000 treatments.201 ,206 It is regarded to be a 

safe treatment for pregnant and breastfeeding women and children from the age of 2 

months. 207 

Several traditional and two systematic reviews on the treatment of scabies have been 

published.196-198 ,201 ,206 ,208 These have analysed the few ran

clinical trials of good quality that are currently available.  A Cochrane review on the 

subject identified 44 trials and retained 13 trials including a total number of 1747 

patients. Because of its low toxic potential and good effectiveness permethrin is the 

treatment of choice for

 66



Part III Scabies | Chapter 4 Treatment 
 

review on the subject state that the recommendation of permethrin is based on quite 

small studies together with professional opinion and traditional reviews.206 It appears 

that permethrin is more effective than lindane but the studies showed considerable 

heterogeneity.206 A cure rate of approximately 90% is reported for permethrin.209 210  

Two trials including 194 patients studied respectively one and two applications of 

crotamiton cream. Both treatment regimens resulted in an overall cure rate of 74% 

and were found to be significantly less effective than one application of permethrin 

which had an overall cure rate of 94%.206 In a study from 1999, all participants (n= 

33) were cured one week after a once daily treatment with crotamiton during five 

8% was found for a treatment schedule of 2 

 paralysis 

e effects directly related to ivermectin have been observed. Ivermectin 

consecutive days.204 

There is only one study with 158 patients in which 3 consecutive applications with 

25% benzylbenzoaat are studied.211 A cure rate of 91% was found. In another study 

with only 44 patients a cure rate of only 4

applications with a 10% solution.212 

 

Ivermectin is the only available systemic treatment option for scabies. It is derived 

from the avermectines which are produced by Streptomyces avermitilis. It binds 

selectively to glutamate gated chloride ion channels and causes an increased influx 

of chloride ions with hyperpolarisation of the nerve or muscle resulting in

and death. Ivermectin has a low affinity with mammalian chloride ion channels and 

does not easily cross the blood-brain barrier making it safe to use in humans.213 

Ivermectin is rapidly absorbed through the intestinal mucosa. A plasma peak occurs 

about 4 hours after administration, the plasma half life is between 12 and 56 hours. It 

is metabolised in the liver and excreted in the faeces. 214 

Ivermectin was first used for the treatment of onchocerciasis and has shown to be 

effective against nematodes, filariasis and larva migrans.214  

No major sid

can induce a Mazzotti reactions in patients with systemic parasites. This reaction is 

characterised by high fever, orthostatic hypotension, bronchospasm and neurologic 

deterioration. 213 The adverse effects in the treatment of scabies are mild. Increasing 

pruritus, a skin rash, diarrhoea , vertigo, haematuria, have been observed.214 

There has been one report of an increased mortality in the elderly after the treatment 

of residents in a ward for highly demented patients. The methodology of this study 

was flawed and its findings have never been confirmed.213 ,214 
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An ivermectin dose of 200 µg/kg body weight has been shown to be effective in the 

treatment of scabies. 213 

 

The advantages of ivermectin in the treatment of scabies are obvious. This treatment  

ethrin. In one clinical trial performed in India, a single dose of 

er ivermectin or permethrin). Significantly more 

mily members were infested in the ivermectin group than in the permethrin group. 

 a lower cure rate in the 

o a Western-European 

he skin 

 (finger webs, wrists, 

is easy to administer and the whole skin surface is treated at the same time (without 

any missed spots).88 It can be a valid option for the treatment of patients with 

generalised eczema, resistance for local treatments or low compliance.13 

 

Even though ivermectin has some clear advantages, it is not yet clear how it is 

situated against perm

200 µg/kg bodyweight ivermectin was compared to a single application of 5% 

permethrin cream. Fourty and 45 patients were included respectively in the 

ivermectin group and in the permethrin group, the family members received the same 

treatment as the index patient (eith

fa

Fourteen days post treatment, 70% in the ivermectin group and 97.8% in the 

permethrin group were cured. All non-responders received a second treatment. By 

the fourth week all patients were cured in the permethrin group and 95% were cured 

in the ivermectin group. The authors concluded that a single application of permethrin 

was superior to a single treatment with ivermectin. They hypothesised that one dose 

of ivermectin might not be effective against the eggs and that a second dose is 

necessary.215 

However, the higher number of infested family contacts in the ivermectin group might 

have caused a higher re-infestation and subsequently

ivermectin group. Furthermore, the study was performed in India were scabies is 

endemic, making it difficult to extrapolate the findings t

population. 

A multi-center, randomised, double-blinded, double-dummy study comparing a single 

dose of  200 µg/kg ivermectin to a single treatment with permethrin 5% cream was 

started in June 2004 in the University Hospital of Ghent and Antwerp. Patients were 

eligible if they had scabies burrows or if mites, faeces or eggs were found in t

scrapings. Patients who had two out of the three minor criteria were also included. 

Minor criteria were the presence of atypical lesions (papules, vesicles, nodules, 

excoriations and crusts) with a typical distribution pattern
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elbows, axillae, around the nipples, on penis scrotum and buttocks), contacts with 

similar complaints as the index patients and severe itch that worsens at night. 

atients were excluded if they were positive for one of the following criteria: 

 total of 160 patients needed to be included to obtain a power of 0.80 and 

f lesions on day 28. Secondary endpoints were improvement of itch, 

follow up which leaves 7 patients available for evaluation at day 28. 

P

pregnancy, breastfeeding, younger than 5 years, scabicide treatment less than 4 

weeks before inclusion, topical corticosteroids less than 1 week before inclusion, HIV 

positivity, severe immune suppression or allergy for one of the components of the 

study medication.  

A

significance level of 0.05. Every patient received a single treatment consisting of pills 

and a cream. Some treatments contained placebo pills and permethrin cream. Other 

treatments contained ivermectin pills and placebo cream. The treatment was 

allocated at random and both the investigator and the patient were unaware of the 

composition of the treatment. The cream was applied by the investigator and the pills 

were taken under supervision. 

During the inclusion visit, a thorough anamnesis and physical examination was 

performed. All skin lesions were counted and recorded and the patient was 

photographed. Female patients received a pregnancy test. Each patient had to fill out 

a (Children’s) Dermatology Life Quality Index and an SF-36 (Generic quality of life 

questionnaire) to evaluate the impact of their skin disease on their daily activities. 

The itching was quantified using a visual analogue scale. 

The patient was evaluated 14 and 28 days post treatment. The primary endpoint was 

the absence o

improvement of quality of life and the number and severity of side effects. 

A total of 27 scabies patients were screened. Thirteen actually participated and 14 

patients did not meet the inclusion criteria or refused to participate. Two patients 

dropped out because they applied Zalvor cream on their own initiative and 4 patients 

were lost to 

The study was ended prematurely in October 2005 because the recruitment of 

patients went extremely slow. At the observed rate of inclusion, it would take more 

than 10 years before enough patients were included. The enrolment of patients was 

hampered because only one family member was included in the trial and received 

treatment. Patients also hesitated to participate because they would receive what 

they felt was an “experimental therapy” and their family contacts had to pay for their 

own treatment anyway. Patients often did not to stick to the study protocol and 
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treated themselves with other medication. Finally, the treatment of scabies cannot be 

postponed to limit the spread of the disease. Therefore the investigator always had to 

an be an alternative, but is less effective. There are few trials of 

ve in the treatment of scabies but it is not clear if it 

e no uniform guidelines on 

ne several 

iotic 

be stand by to include patients which is difficult to combine with other activities. 

 

When all the available evidence is taken into account, permethrin 5% cream is the 

treatment of choice at this time for uncomplicated scabies. Crotamiton applied for five 

consecutive days c

good quality to substantiate the effectiveness of benzyl benzoate. However, in 

Belgium an emulsion with 25% benzyl benzoate is reimbursed and is much cheaper 

for the patient than permethrin or crotamiton. Therefore 3 consecutive applications 

with benzyl benzoate 25 % emulsion might be a good alternative when the financial 

cost of treatment is an important issue. The compounded prescription for permethrin 

cream is not reimbursed but is nevertheless cheaper than Zalvor®. 

Ivermectin seems to be effecti

results in a lower, equal or higher cure rate than permethrin. It can be a good 

alternative for patients with extensive skin lesions, low compliance or treatment 

failure.  

In crusted scabies, millions of mites are present and the patient is highly infective. 

This form is often very difficult to treat and frequently relapses.163 It is treated with the 

same therapeutic arsenal as ordinary scabies but there ar

the preferred substances or treatment schedules. Hyperkeratotic crusts need to be 

removed using 5% or 10% salicylic acid in petrolatum to ensure an optimal 

penetration of the topical treatment.159 It is usually necessary to combi

doses of ivermectin with multiple applications of a local scabicide.163 It is important to 

trim and extensively treat the nails because these can harbour mites and act as a 

reservoir.164 Furthermore, these patients are at high risk of developing bacterial 

superinfections leading to septicaemia which requires appropriate antib

treatment.163 Because this condition is highly infective the patient needs to be 

isolated. The patient’s belongings and environment need to be decontaminated 

carefully. 
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5. The management of scabies  

 
The management of scabies can be approached from two angels. From a general 

point of view, the first requirement to practise medicine and manage a disease is the 

acquisition of adequate knowledge on the subject. This knowledge has to be correct 

and up-to-date.216 Some physicians working in the region of Ghent indicated that 

there was an urgent need for more information about how scabies should be 

handled. This led to the first research question in this chapter:  

 

 Is there a deficit in the knowledge about scabies among GP’s and dermatologists 

in Belgium? 

 

There is only one study that investigated the knowledge about scabies among 

general practitioners in Pakistan. A total of 200 GP’s was interviewed using a pre-

tested multiple choice type questionnaire on case finding and management of 

r year) on the score obtained on the knowledge test. 

Fifty-five GP’s and 82 dermatologists completed the questionnaire, resulting in a 

participation rate of respectively 86% and 78%. About 40% of the dermatologists and 

55% of the GP’s answered that they rarely or never reported a patient with scabies to 

the Health Inspection. The median score on the knowledge test of all physicians was 

scabies patients. Only 36% of the GP’s had a satisfactory knowledge of scabies, 

defined as correct responses to 75% of the questions asked.217 

In order to explore a possible deficit in knowledge on the management of scabies, a 

survey among GP’s and dermatologists in the region of Ghent was organised during 

a scientific meeting. To this end, a questionnaire in Dutch was constructed, 

containing knowledge questions that were categorised into 5 topics involving the 

biology, incubation period and transmission, diagnosis and treatment of scabies, and 

crusted scabies. The questions were of the ‘true or false’ and ‘single best response’ 

type. The Mann-Whitney U test was used for analysis of the differences between 

GP’s and dermatologists on treatment preferences and hygienic advice. A cumulative 

logit model was used to examine the effect of three independent variables 

(profession, number of years of experience and the estimated number of scabies 

patients pe
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29/39 (74%) which is of an acceptable level (Fig. 11). When incorporated in the 

r of years of experience and estimated 

ant effect on the score on the 

owledge test. The odds of obtaining a higher score are 12.5 times higher in 

heir patients either to 

ash all their clothes and linen or to keep it in a plastic bag. Thirty-five percent of the 

and/or living room (P < 0.001). 

ted during meetings 

The dermatologists came from a large region in Flanders while the GP’s were all from 

cumulative logit model, profession, numbe

number of patients all had a statistical signific

kn

dermatologists than in GP’s. Similarly the odds of obtaining a higher score are 1.51 

times higher per increasing category of practice experience and 1.69 times higher per 

increasing category of the estimated number of scabies patients. Permethrin cream 

(the current treatment of choice) is prescribed by more than 90% of both 

dermatologists and GP’s. Finally the hygienic advice given by dermatologists and 

GP’s was similar. All of the dermatologists and GP’s advised t

w

GP’s and 9% of the dermatologists advised mopping or disinfecting the bedroom 

 

 

 

 

 

 

 

 

 

 

 

 

This survey was done with a self-constructed questionnaire that was not validated 

before use. However it was not the intention to develop a universal instrument to test 

knowledge and practice of scabies but rather to explore the knowledge on the current 

insights in scabies and to identify a need for education programs in local GP’s and 

dermatologists. In spite of the fact that the survey was conduc
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Fig 11: Boxplot of total score on the knowledge test and scores per topic for GP’s and 
dermatologists *: P < 0.05. ** P < 0.001. 

that are usually attended by a large proportion of the target group, it is possible that 

we did not reach a representative sample of physicians. The physicians participating 

in this survey were attending a scientific meeting and knew about the scabies survey. 
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the region of Ghent. It is also possible that responders tend to give answers that put 

them in a positive light, even though the survey was anonymous. These factors could 

be responsible for an overoptimistic estimation of the knowledge level. Nevertheless, 

these results can give some idea of the way GP’s and dermatologists in Belgium 

manage scabies. 

 

A full description of this research is given in paper 5. 

 

 Hilde Lapeere, Lieve Brochez, Jozef De Weert, Inge Pasteels, Jan De 

Maeseneer, Jean-Marie Naeyaert. Knowledge and management of scabies in 

General Practitioners and dermatologists in Ghent, Belgium. Eur J Dermatol 

2005;15:171-5. 

 

In a clinical 

arly diagnosis, adequate treatment strategies and follow up of treatment. In a 

terature study of reports on scabies epidemics in institutions, a delay in diagnosis, 

adequate treatment and a too short follow up period were identified amongst others 

s risk factors for the spread and recurrence of scabies in institutions.169 The main 

uestion that a clinician will ask, when dealing with scabies is: 

setting, the correct management of scabies comprises an accurate and 

e

li

in

a

q

 

 What steps are important when handling a case of scabies?  

 

These steps are extensively discussed in the guideline: “Aanbeveling voor goede 

medische praktijkvoering: Scabiës”. This guideline is directed towards GP’s and is 

urrently in preparation. It will probably be published by the end of 2007. Some c

important elements are briefly discussed below. 

 

As discussed in Chapter 2, the diagnosis of scabies is mainly based on anamnesis 

and clinical findings.13 ,14 Therefore it is important that physicians are capable of 

identifying suggestive elements in the patient’s history. Furthermore, they should be 

able to recognise the pathognomonic features of the disease, as well as the whole 

range of atypical lesions. A skin scraping is an easy and fast procedure to confirm the 
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diagnosis. It enables the physician to be 100% sure of the diagnosis, at least in the 

case of a positive test result.13  

When prescribing a treatment for scabies, a physician should combine the best 

available research evidence with his/her clinical expertise and the patient’s values 

and circumstances.19 The current best evidence indicates that permethrin 5% cream 

should be preferred as the first-line treatment.206 However, it might not always be the 

est choice, for instance if the patient has extensive dermatitis or is on a very tight 

Next in importance to treating the index patient, is to simultaneously treat all contacts, 

 

con s 

sho  

hard data to prove that these measures actually reduce transmission. It is sensible to 

ash all clothing and linen that has been in contact with the skin for the past three 

the whole treatment 

rocedure (including treatment of contacts) should be repeated. Finally, there is also 

nistered treatment.13 

esistance is difficult to diagnose because an active infestation is hard to distinguish 

n reported in the past.218 Recently 

sistance to ivermectin has been observed in vivo and vitro in scabies mites from 

b

budget. 

 

whether they have symptoms or not. Because of the fairly long incubation period,

tacts may already be infested without having any lesions or symptoms. Patient

uld also receive advice about the environmental measures, even if there are no

w

days at a high temperature (60°). Material that cannot be washed should be isolated 

in a plastic bag for three days. 13 

It is advisable to regularly evaluate the patient in order to detect treatment failure in 

an early phase. Treatment failure can occur if there is poor compliance or if the 

patient does not meticulously follow the given instructions. A relapse or reinfestation 

can also be a cause of treatment failure. In such cases 

p

the possibility that the mite has developed resistance to the admi

R

from residual lesions or reinfestation. It is also difficult to perform in vitro resistance 

tests because a lot of mites are needed. Scab mites cannot be cultured in a lab and 

need to be collected from patients with crusted scabies.  

Resistance to lindane and crotamiton has bee

re

two patients with crusted scabies that received respectively 30 and 58 doses of 

ivermectin during the past 4 to 5 years. This observation demonstrates that scab 

mites are able to develop resistance to ivermectin after intensive use of the 

product.219  
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As far as permethrin is concerned, an increased tolerance has been demonstrated in 

vitro. However until today, resistance to permethrin has not been documented in 

vivo.220 

 

At this time there is little evidence that resistance to scabicide treatments is a major 

clinical problem. However it has been demonstrated that scab mites can develop 

resistance and this might become more important in the future. 

Resistance should be taken into account if a patient was treated correct and if there 

is no evidence of reinfestation. In those cases another type of active molecule should 

e used (e.g. switch from permethrin to ivermectin). 

usually evaluated after 14 and 28 days. If the 

plementation of preventive 

b

 

The follow-up of a scabies treatment is very difficult because the itch disappears very 

slowly and because some lesions, such as nodules, may be present for a long time, 

even after a successful treatment.13 ,14 ,159 If the patient is evaluated too soon, it will 

be difficult to assess progression. If the patient is evaluated too late, a treatment 

failure might be discovered too late, leading to a further spread of scabies. There are 

no clear guidelines in the literature on when the treatment should be evaluated. 

However, in clinical trials, patients are 

itch and/or lesions are not better, the patient is treated again.206 It is not advisable to 

perform a skin scraping before 14 days because the skin needs some time to slough 

off dead mites and other debris. It seems reasonable and feasible to adopt this 

scheme into daily practice.159 

Scabies is becoming more and more a problem in institutions.185 A case of crusted 

scabies has often been the source of epidemics in institution.221 The management of 

institutional outbreaks requires a lot of work and effort of all persons concerned. 

Central issues in the management of scabies in institutions are the optimisation of 

case detection, the distribution of (written) information, the coordination of treatment 

and hygienic measures, adequate follow up and the im

measures such as an increased awareness and education of all personnel. 

Institutions should develop a strategy which starts as soon as one patient develops a 

rash which raises suspicions of scabies.14 ,222 
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General discussion & conclusions 

 
Pediculosis capitis and scabies are very common skin infestations. Nevertheless, 

ere is a great need for epidemiologic, diagnostic and therapeutic studies of good 

uality on which management of both diseases can based. It is also remarkable that 

ere is a lot of controversy about the methodology used in both fields. Authors 

disagree on the diagnostic criteria and proced

methodology for epidemiologic research and the criteria to 

options.103  

 

First, the main aspects in the management of pediculosis will be discussed, followed

by a discussion of the important elements in the management of scabies. To 

conclude, an agenda with suggestions for future research is given. 

 

It seems obvious that pediculosis is diagnosed when a living, moving louse is 

found.47 However, in many scientific studies no discrimination is made between the 

presence of eggshells, which is a sign of a past infestation, and the presence of living 

lice.53 ,61-63 ,65  

A second issue, troubling the diagnosis of pediculosis, is the lack of a gold standard 

for the detection of head lice.47 As discussed in Chapter 2 of Part II, a multitude of 

detection methods have been described but only three of them, VI, DC and WC, have 

been tested for their accuracy. Studies show that the diagnostic accuracy of visual 

inspection is inferior to the accuracy of the other two methods. However, there were 

no data on how dry combing and wet combing relate to each other.  

The accuracy of visual inspection, dry combing and wet combing has been studied in 

a population of schoolchildren by screening all children with the three methods on the 

same day. (Paper 1) The sensitivity of wet combing was almost 2.5 and 1.25 times 

higher than the sensitivity of respectively visual inspection and dry combing. The 

sensitivity of dry combing was about 2 times higher than of visual inspection. Wet 

combing was the most accurate method but did not prove to be watertight because 

11% of the cases were missed. The economic evaluation showed that wet combing is 

more expensive and time consuming than dry combing or visual inspection.  

th

q

th

ures that should be applied, the 

evaluate treatment 
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When choosing a diagnostic method, the setting of the screening needs to be kept in 

screened, it could be useful to resort to 

vailable. However, it has already been demonstrated that it is feasible to perform 

 as personal characteristics of the child, crowding and socio-economic 

tatus. The discrepancy in the results of the prevalence surveys can partly be 

rmed in 2001 in 

hent, to measure the prevalence of pediculosis in the region but also to explore the 

tting head lice than his or her individual characteristics. SES, the 

mind. If a large number of children need to be 

dry combing if the appropriate conditions (or funding) for wet combing are not 

a

wet combing in a large groups of children. 1 Wet combing is certainly the method of 

choice for the screening of children at home because water and conditioner are 

readily available. 

 

More than 20 reports on the prevalence of pediculosis have been published over the 

last decade. There is however much uncertainty about the role of potential risk 

factors such

s

explained by the different diagnostic criteria, diagnostic methods and statistical 

methods used. (Chapter 3 of Part II)  

A large pediculosis screening on 6169 children has been perfo

G

role of different possible risk factors. (Paper 2) 

Live lice were found in 8.9% of the children and another 4.6% had nits without lice. A 

multi-level analysis showed that the child’s class and school had a greater impact on 

the risk of ge

number of children in the family, the length of the child’s hair and hair colour were the 

only significant factors on the individual level. 

These results should be interpreted with care because there is not necessarily a 

causal relationship between the mentioned risk factors and the prevalence of lice. 

The risk factors probably lead to a higher prevalence because they hamper diagnosis 

or treatment. 

 

The treatment of pediculosis has been discussed in Chapter 4 of Part II. For several 

reasons it is impossible to give unequivocal advice on the treatment of pediculosis at 

this time. There is a lack of randomised controlled trials with products to treat head 

lice.103 There is currently neither a gold standard to detect head lice nor a consensus 

on how and when a pediculicide should be evaluated. There is also controversy on 

when a second treatment should be applied. It is suggested that treatment should be 
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repeated 10 days after the initial application because it can take up to 10 days before 

the eggs hatch.28 

There is also a lot of discussion on the criteria that should be used to evaluate clinical 

trials.104 ,105 The fact that two systematic reviews came to conflicting results, based on 

the same clinical trials, illustrates the complicated situation. (Appendix I)  
Furthermore, we need knowledge about local resistance patterns in order to advise 

appropriate, effective pediculicides. Reliable, fast and cheap detection methods are 

eeded for the repeated epidemiological assessment of local resistance patterns, 

at studied the effectiveness of a nit removal 

orce needed to remove nits from the 

e continuous application of conditioner 

onal effect when compared to pure deionised water.  

his research suggests that the continuous application of an ordinary conditioner 

government has been discussed in Chapter 5 of Part II. The detection and treatment 

n

based on bio-assays and if possible, on genetic screening for mutations in head lice. 

New substances, such as essential oils, have become very popular of the last years. 

Some of them have also shown good in vitro pediculicidal activity. However, clinical 

trials are needed before these products can be advised to the general public. 

The lack of trials is even more obvious in the removal of eggshells because there 

was only one, biased clinical trial th

system103 ,133, which is discussed in Chapter 4 of Part II. Because no objective 

measurement procedure was described in the literature, we developed an affordable, 

feasible and reliable method to measure the f

human hair. (Paper 3) The method was slightly modified to facilitate data handling. 

The improved measuring procedure was used to test the effect of several products 

on the forces needed to remove nits from the human hair. (Paper 4) From these in 

vitro tests we can conclude that a short application of conditioners significantly 

reduces the force needed to remove nits. Th

results in a further reduction of forces compared to a short application of the same 

product. We could not demonstrate any difference in efficacy between an ordinary 

conditioner and specific nit removal products. Furthermore, solutions with FA did not 

have an additi

T

significantly enhances nit removal. The clinical relevance of this finding needs to be 

confirmed by in vivo tests. 

 

Finally, in order to manage pediculosis, a policy should be developed that involves 

the whole community. The role of parents, teachers, school nurses, school 

administrators, pharmacists, physicians, local authorities as well as central 
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of pediculosis is mainly a responsibility of the parents. School nurses, teachers, 

pharmacists and physicians however also play important roles. They should be well 

ant role in 

 

scybala 

for the population 

aediatricians in this region were asked to report every new 

cabies patient they encountered during that year. (Appendix II) 

informed and support the parents in a non-judgmental way. The government on the 

other hand should also take up their responsibility by spreading accurate information 

through the appropriate channels. Furthermore, they also play an import

the regulations concerning the production, sale, labelling and evaluation of products 

that claim to kill head lice. 

 

Scabies is caused by S. scabiei, a tiny mite barely visible to the naked eye. The

diagnosis of scabies is mainly based on the patient’s history and lesions. (Part III, 

Chapter 2) The gold standard for the diagnosis of scabies is the microscopic 

examination of skin scrapings. The diagnosis is confirmed if a mite, ova or 

are seen.154 ,166 This diagnostic technique is however often negative and there is a 

need for more accurate diagnostic procedures. Imaging techniques have been shown 

to be useful but these may also depend of the skills of the observer or are to 

expensive to be used in routine practice.172 ,173 In vivo imaging seems promising but 

more research is needed to demonstrate the performance of these techniques in the 

diagnosis of scabies. Laboratory tests on the serum of the patient are not sensitive 

enough yet to be of clinical importance.177 

 

The difficulty to establish the diagnosis of scabies might be one of the reasons why 

there are little reports on the prevalence or incidence of scabies. (Part III, Chapter 3) 

Another reason for the paucity on epidemiologic data on scabies could be the fact 

that only a few countries have a nation wide reporting system.181-183 The studies that 

are available are frequently based on army databases, sentinel practice networks or 

patient charts.185 ,186 ,223 These studies are often not representative 

that physicians in Belgium have to deal with.  

A prospective survey of the incidence of scabies in Ghent was organised in 2004. All 

GP’s, dermatologists and p

s

The age distribution of the encountered scabies patients showed a remarkable peak 

in persons over 65 which is in contrast to the usual age distribution of scabies. This 

could be indicative of a growing number of scabies infestations in institutionalised 

persons. A four times higher incidence of scabies was found in persons of non-
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Belgian nationality than in persons of Belgian nationality. It is hypothesised that 

nationality is rather an indicator of SES with immigrants having a lower SES. Similar 

results have been found in an Italian study.192 They found that nationality did not play 

a role anymore when only the subset of employed patients was evaluated. Another 

factor contributing to a higher incidence could be a language barrier, causing delayed 

access to health care and thus further spread in this group. 

Slightly more than half of the patients reported in our survey had already consulted a 

hysician before. In 44% of these cases (which is about one quarter of the reported 

antly hampers the methodology of clinical 

ials. Furthermore, the infectious nature of the disease makes it difficult to control for 

trials of good quality comparing it to 

p

cases), the patient hadn’t received a scabicide treatment. This may indicate that the 

diagnosis was not established yet or that an inappropriate treatment had been 

prescribed.  

These results may be indicative of certain trends but need to be interpreted with care. 

It is possible that not all cases were registered in this project. Furthermore, these 

results need to be confirmed by an extensive analysis of a complete data set 

containing more specific information (such as data on SES, living conditions etc).  

 

The treatment of scabies has been discussed in Chapter 4 of Part III. As in 

pediculosis, the evidence on which treatment advice should be based is rather flimsy. 

Again, the lack of a gold standard signific

tr

reinfestation. As a result, the number of clinical trials of good quality is limited. A 

systematic review stated that permethrin is the treatment of choice but that “this 

choice is based on small studies together with professional opinion and traditional 

reviews”. 206 

This review also stated that crotamiton is less efficacious than permethrin cream. For 

benzyl benzoate there is currently not enough information available about its 

effectiveness because there are no clinical 

permethrin or crotamiton. However, it can still play a role in the treatment of scabies 

because it is very cheap. It could be a good option when the cost of the treatment is 

an important issue for the patient. 

Recent trials have demonstrated the scabicide properties of ivermectin tablets. It is 

not quite clear yet what the exact role of ivermectin is in the treatment of scabies, 

because only one study compared this product with the current standard treatment, 

permethrin. This study was performed in an endemic area which is not representative 
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for our Western-European population. Furthermore, a higher number of contacts 

were infested in one of the treatment groups which could explain the observed 

differences. 

A double-blind, double-dummy, placebo controlled clinical trial comparing 5% 

permethrin cream to a single dose of ivermectin tablets at 200 µg/kg body weight was 

started in 2004 but ended premature in 2005. From this study, several pitfalls could 

mselves. The compliance of patients to stick to the study protocol was 

inally, several aspects of the management of scabies are discussed in Chapter 5 of 

ears of experience, profession and estimated number of patients 

 that was described earlier. In the latter, it was 

be identified. Next to the earlier discussed difficulties in establishing a diagnosis, the 

relatively low incidence of scabies in Belgium also proved to be an important 

obstacle. Furthermore, it was difficult to persuade patients to participate in a study in 

which only one treatment was for free and the other contacts had to pay the 

treatment the

often poor. Because of the infectious nature of scabies, it is best to treat scabies 

immediately to limit the spread of the disease. Therefore, the investigator always had 

to be stand-by to include patients.  

 

F

Part III. A guideline about the management of scabies is currently under development 

will be published by the end 2007. 

From a general point of view, sufficient knowledge about a disease is a prerequisite 

for the adequate management of this disorder. A survey on the knowledge and 

management of scabies in GP’s and dermatologists was organised to explore 

whether there was a need for more education and information about the topic. 

(Paper 5) The knowledge level of both groups was of an acceptable level. The 

number of y

influenced the score on the knowledge test. Physicians with more experience and 

physicians who estimated to see more scabies patients had a better test result. 

Dermatologists scored better than GP’s. This seems to indicate that the knowledge 

about scabies increases with increasing experience with this disease. 

The relative good results on the knowledge test seem to be in contradiction with the 

results of the epidemiologic study

observed that almost one quarter of the patients had to consult a physician more 

than once before scabies was diagnosed or treated in a correct way. The results of 

the epidemiologic study are however rather an addition to the knowledge survey than 

a contradiction. It gives a realistic idea of what is happening in daily practice as 
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opposed to a knowledge survey that explores the “passive” knowledge. It is possible 

that we did not reach a representative sample of physicians in the knowledge survey, 

in spite of the fact that the survey was conducted during meetings that are usually 

 about the specificity of this method is currently 

cking. The diagnosis of scabies is probably even more challenging. A great step 

king. The recognition of risk factors for scabies 

attended by a large proportion of the target group. There could have been an 

inclusion bias, resulting in an overoptimistic estimation of the knowledge level. 

On the other hand, it is also possible that the passive knowledge about scabies is 

sufficient but that physicians have difficulties to translate their knowledge into 

practice. 

 

Some elements in the management of scabies and pediculosis need to be 

researched in the future. The first and maybe most important element is the 

diagnosis of both pediculosis and scabies. It has been demonstrated that the 

sensitivity of wet combing is superior to the sensitivity of two other frequently used 

methods. Nevertheless, information

la

forward would be the development of an accurate, objective diagnostic method. 

Some epidemiologic aspects also deserve further clarification, especially in scabies 

because unequivocal data are lac

could however help to develop a policy for disease. It is important that epidemiologic 

surveys are also performed in populations that are representative for the population 

in a Western-European country. 

There is currently a lot of controversy about the treatment of both pediculosis and 

scabies. In the case of pediculosis there is an urgent need to establish a set of 

criteria that good clinical trials have to meet. Furthermore, the resistance to 

pediculicides needs to be monitored in order to adjust treatment advice. In the case 

of scabies there is a need for clinical trials comparing substances such as benzyl 

benzoate or ivermectin to the current standard therapy. 

 

The suggestions for further research seem quite long. This list has to be tackled item 

by item. During the Third International Congress on Phthiraptera from 16th – 20th 

October 2006, a round table discussion on the quality criteria for clinical trials of 

treatments of head lice was organised. Items such as inclusion criteria, type of 

intervention (single versus double treatment), methods to assess cure rate etc. were 
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discussed. A consensus was not yet reached because some aspects needed further 

study. However, the participants agreed to continue the discussion via e-mail.  

 

During the past two centuries, the development of medicine has been characterised 

by a continuing struggle between experimental physiology and clinical epidemiology. 

that is founded on a broad scientific basis, research in both domains 

erformed and combined in this thesis. 

However, history has shown that none of both methodologic genres is superior to 

another but rather that they are complementary. In an attempt to provide new 

evidence 

p
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Part VI: Summary 
 

 
 

Summary 

 
Pediculosis capitis and scabies are very common skin infestations.  

Head lice mainly affect children between 3 and 12 but adolescents and adults can 

also be infested. The prevalence of head lice differs from country to country. In 

industrialised countries prevalence rates around 10% are frequently reported but 

higher prevalences are not exceptional. Head lice infestations cause clinical lesions 

and physical discomfort but their medical importance mainly derives from their 

psychological, financial and social impact.   

Scabies is not a life threatening condition but nevertheless it is a nuisance for the 

affected individual because of the rash and the intense and persistant pruritus that 

can be depressing and severely debilitating. Scabies however has a large impact on 

public health. It is estimated that each year 300 million new cases of scabies occur 

world wide.  Scabies is endemic in many resource poor communities. In developed 

countries on the other hand, institutions and social disadvantaged populations are 

particularly at risk for large outbreaks. The costs that are involved with the 

management of scabies in institutions are considerable.  

 

A first step towards the development of an evidence-based management of 

pediculosis and scabies was to outline research questions that are crucial for rational 

therapy of head lice and scabies. With this thesis we attempted to find an answer to 

the research questions by systematically collecting all available evidence and by 

providing new evidence through original research. 

 

A thorough literature search on both subjects revealed that there is much controversy 

about several elements crucial to the management of both diseases. Authors 

disagree on the use and value of diagnostic criteria and procedures and there is little 

research on the accuracy of diagnostic methods. There is a lack of uniform criteria to 

evaluate the existing and recently developed treatments and as a consequence there 

is no consensus on the value and place of the available therapeutic options. 

Furthermore, epidemiologic data are rare and many different statistical methods are 

used. 
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The diagnosis, epidemiology, treatment and management of pediculosis are 

discussed in the first part of this thesis and the same issues in the management of 

scabies are discussed in the second part. 

 

The diagnosis of pediculosis is troubled by the lack of a gold standard for the 

detection of lice. A multitude of detection methods has been described but only two 

trials on diagnostic accuracy have been published. These studies showed that dry 

combing and wet combing are more accurate than visual inspection. In a recent study 

we have demonstrated that wet combing is more sensitive than dry combing and 

visual inspection. However, wet combing is an expensive and laborious method and 

is therefore less suited for routine screenings at schools. It is however the method of 

choice for a regular head check at home. Dry combing is more feasible for large 

screenings.  

A large pediculosis screening on 6169 children has been performed in 2001 in 

Ghent, to measure the prevalence of pediculosis in this region but also to explore the 

role of different risk factors. Live lice were found in 8.9% of the children and another 

4.6% had nits without lice. Clustering of children had a greater impact on the risk of 

getting head lice than the child’s individual characteristics. Nevertheless, SES, the 

number of children per family, hair length and hair colour were significant factors on 

the individual level. These results should be interpreted with care because there is 

not necessarily a causal relationship between the mentioned risk factors and the 

prevalence of lice.  The risk factors probably lead to a higher prevalence because 

they hamper diagnosis or treatment.  

It is currently difficult to give unequivocal advice on the treatment of pediculosis 

because there is no consensus on how clinical trials in this field should be conducted. 

The development of a systematic review is hindered because of the lack of a set of 

criteria to evaluate clinical trials. Furthermore, resistance trials are needed to explore 

the efficiency of the currently used pediculicides. 

Until now, there has been little research on the treatment of eggshells or nits. 

Because no objective measurement procedure was described in the literature, we 

developed an affordable, feasible and reliable method to measure the force needed 

to remove nits from the human hair. An improved version of this measuring 

procedure was used to test the effect of several products on the force needed to 
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remove nits from the human hair.  Deionised water, a short application of commercial 

nit removal products and conditioner reduced the force needed to remove nits. 

However, a long application of ordinary conditioner or a commercial nit removal 

product greatly facilitated the removal of nits but there was no difference between the 

commercial product and the ordinary conditioner. Special ingredients such as formic 

acid had no additional effect. 

Finally, in order to manage pediculosis, a policy should be developed that involves 

the whole community. Parents, teachers, school nurses, school administrators, 

pharmacists, physicians, local authorities as well as central government all play an 

important role 

 

The scientific research on scabies has to deal with similar difficulties as the research 

on pediculosis. The diagnosis of scabies is mainly based on an evaluation of the 

patient’s history and skin lesions. Diagnostic techniques and laboratory tests are of 

little help to the clinician.  

The difficulty to establish the diagnosis of scabies might be one of the reasons why 

there are little reports on the epidemiology of scabies. Furthermore, these reports are 

often not representative for the population that Belgian physicians have to deal with. 

A prospective survey on the incidence of scabies in Ghent was organised in 2004 to 

explore the characteristics of scabies patients in our region. A higher incidence was 

found in persons over 75. This may reflect a growing problem of scabies within 

institutions for the elderly. We also found a higher incidence in immigrants. In the 

latter case nationality is probably an indicator of SES with immigrants having a lower 

SES. This survey also suggested that a considerable proportion of the scabies 

patients had to visit a physician more than once before the appropriate treatment was 

prescribed. 

As far as the treatment for scabies is concerned, the evidence on which treatment 

advice should be based is rather flimsy. Clinical trials and systematic reviews are 

hampered by diagnostic and methodological problems. Nevertheless, experts more 

or less agree that permethrin cream is currently the treatment of choice. Other 

therapeutic agents such as benzyl benzoate lotion or crotamiton cream are less 

effective but can still play a role in the treatment of scabies, for example when the 

cost of treatment is an issue. 

 108



Part VI: Summary 
 

 
Recent trials have demonstrated the scabicidal properties of ivermectin tablets. The 

role of this product in the management of scabies is not quite clear yet because only 

one study performed in an endemic area compared it to permethrin, the current 

standard treatment. Nevertheless, it can be a good alternative when a systemic 

treatment is preferred over a local treatment. 

Finally, the management of scabies was also discussed. An evidence-based 

guideline for the management of scabies is currently being developed. From a 

general point of view, sufficient knowledge about a disease is a prerequisite for the 

adequate management of this disorder. A survey on the knowledge and management 

of scabies in GP’s and dermatologists in the region of Ghent showed that the 

knowledge level of both groups was of an acceptable level. The knowledge about 

scabies seemed to be increasing in physicians with more experience. 

The relative good results on the knowledge test seem to be contradictory to the 

results of the epidemiologic study mentioned above. In the latter almost one quarter 

of the patients had to consult their physician more than once before the appropriate 

treatment was prescribed. It is possible that the knowledge test resulted in an 

overoptimistic estimation of the knowledge level. However, the discrepancy could 

also indicate that physicians have difficulties to translate their passive knowledge 

about scabies into practice. 

 

The research described in this thesis has increased the knowledge on some aspects 

of the management of both scabies and pediculosis. However, there are some issues 

that remain unresolved and warrant further research. Furthermore, international 

consensus on diagnostic, epidemiologic and therapeutic principles are needed to 

further improve the management of these diseases. 
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Samenvatting 

 
Pediculosis capitis en scabiës zijn twee vaak voorkomende parasitosen van de huid. 

Hoofdluizen komen vooral voor bij kinderen tussen 3 en 12 maar ook adolescenten 

en volwassen kunnen aangetast worden. De prevalentie van hoofdluizen verschilt 

van land tot land. In geïndustrialiseerde landen werden prevalenties gerapporteerd 

van om en bij de 10 % maar hogere prevalenties zijn niet uitzonderlijk. Hoofdluizen 

veroorzaken weliswaar klinische letsels en fysieke ongemakken maar zijn vooral 

medisch belangrijk omwille van de psychologische, financiële en sociale impact. 

Scabiës is een andere, niet levensbedreigende huidziekte die toch zeer vervelend is 

voor de aangetaste personen omwille van de huideruptie maar vooral omwille van de 

intense en persisterende jeuk die een belangrijke invloed kan hebben op het 

algemene welzijn van de patiënt. Scabiës heeft een belangrijke impact op de 

gezondheidszorg. Naar schatting komen er wereldwijd jaarlijks 300 miljoen nieuwe 

gevallen van scabiës voor. Scabiës is endemisch in verschillende 

ontwikkelingslanden. In geïndustrialiseerde landen echter lopen vooral personen in 

instellingen en sociaal zwakkere groepen risico op een epidemie.  

 

Een eerste stap in de ontwikkeling van een op evidentie gebaseerd beleid voor zowel 

pediculosis als scabiës was het definiëren van enkele duidelijke onderzoeksvragen 

die centraal staan in het beleid van beide ziektes. In deze thesis werd geprobeerd 

om een antwoord te vinden op de onderzoeksvragen door middel van een grondige 

en systematische exploratie van de beschikbare literatuur en door nieuwe evidentie 

aan te brengen op basis van origineel onderzoek.  

 

Uit een grondig literatuuronderzoek bleek dat er voor beide onderwerpen veel 

controverse is rond verschillende elementen die cruciaal zijn in het beleid. Experten 

gaan niet akkoord over de toepassing en waarde van diagnostische criteria en 

procedures en er is weinig onderzoek verricht naar de accuraatheid van 

diagnostische methodes. Er zijn geen uniforme criteria beschikbaar om de 

werkzaamheid van bestaande en nieuwe behandelingen te toetsen zodat er ook 

geen consensus is over de waarde en plaats van de beschikbare therapeutische 
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mogelijkheden. Daarenboven is er weinig epidemiologisch onderzoek beschikbaar en 

worden vaak verschillende statistische methodes toegepast. 

De diagnose, epidemiologie, behandeling en aanpak van pediculosis worden 

besproken in het eerste deel van deze thesis, dezelfde elementen in het beleid van 

scabiës worden besproken in het tweede deel. 

 

De diagnose van pediculosis wordt bemoeilijkt door de afwezigheid van een gouden 

standaard voor de detectie van luizen. Er werden veel verschillende methodes 

beschreven maar er werden slechts twee studies rond diagnostische accuraatheid 

gepubliceerd. Deze studies toonden aan dat droog kammen en nat kammen 

accurater zijn dan visuele inspectie. In een recente studie werd aangetoond dat nat 

kammen sensitiever is dan droog kamen en visuele inspectie. Nat kammen is echter 

duurder en arbeidsintensiever en is daarom minder geschikt voor de routine 

screenings op school. Het is echter de eerste keus voor een regelmatige controle 

thuis. Droog kammen is meer geschikt voor screenings op grote schaal. 

In 2001 werden 6169 kinderen in de regio Gent gecontroleerd op hoofdluizen. De 

bedoeling van deze actie was om de prevalentie in de regio te meten maar ook om 

het belang van verschillende risico factoren te onderzoeken. Er werden luizen 

gevonden bij 8.9% van de kinderen en nog eens 4.6% had neten zonder dat er luizen 

aanwezig waren. De groep waartoe het kind behoort (bijvoorbeeld de klas of school) 

bleek een grotere impact te hebben op het risico om hoofdluizen te krijgen dan de 

individuele kenmerken van het kind. Op het individuele niveau bleken SES, aantal 

kinderen per gezin, haarlengte en haarkleur toch een rol te spelen. Deze resultaten 

moeten voorzichtig geïnterpreteerd worden omdat dit niet noodzakelijk betekent dat 

er een causaal verband is tussen de vermelde risicofactoren en de prevalentie van 

luizen. De risicofactoren vertonene wellicht samenhang met een hogere prevalentie 

omdat zij een vroege diagnose en adequate behandeling verhinderen. 

Het is momenteel moeilijk om eenduidig advies te geven over de behandeling van 

pediculosis omdat er geen consensus is over de manier waarop klinische studies in 

dit onderzoeksdomein moeten uitgevoerd worden. Bovendien wordt de ontwikkeling 

van een systematische review bemoeilijkt door het gebrek aan criteria om de kwaliteit 

van klinische studies te beoordelen. Bovendien zijn ook studies naar resistentie 

nodig om de werkzaamheid te beoordelen van de pediculicides die momenteel op de 

markt zijn. 
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Tot nu toe werd er weinig onderzoek uitgevoerd naar de behandeling van neten. 

Omdat er geen objectieve meetmethode beschreven was in de literatuur, werd een 

betaalbare, bruikbare, en betrouwbare methode ontwikkeld om de kracht te meten 

die nodig is om neten te verwijderen van het haar. Een verbeterde versie van deze 

meetmethode werd gebruikt om na te gaan welk effect verschillende producten 

hebben op de kracht die nodig is om neten los te maken van het haar. 

Gedeïoniseerd water, een korte applicatie van een aantal commerciële producten om 

neten te verwijderen en een korte applicatie van gewone conditioner verminderen de 

kracht die nodig is om neten los te maken. Een lange applicatie van zowel het 

commerciële product als de gewone conditioner hadden een nog beter effect. Er was 

echter geen verschil tussen het commerciële product en de gewone conditioner. 

Extra ingrediënten zoals mierenzuur hadden geen bijkomend effect. 

Wat de aanpak van pediculosis betreft, moet gestreefd worden naar de ontwikkeling 

van een beleid waarin de volledige gemeenschap betrokken is. Ouders, leraars, 

schoolverpleegkundige, schooldirectie, apothekers, artsen, lokale en overkoepelende 

overheden spelen allen een belangrijke rol. 

 

Het wetenschappelijk onderzoek naar scabiës worstelt met dezelfde moeilijkheden 

als het onderzoek naar pediculosis. De diagnostiek is vooral gebaseerd op een 

evaluatie van de anamnese en huidletsels. Diagnostische technieken geven vaak 

weinig bijkomende informatie. 

Scabiës is soms moeilijk te diagnosticeren. Waarschijnlijk is dit één van de redenen 

waarom er vrij weinig epidemiologisch onderzoek is naar scabiës. Bovendien zijn de 

gepubliceerde epidemiologische onderzoeken niet altijd representatief voor de 

gemiddelde populatie waarmee Belgische artsen in contact komen. 

In 2004 werd een prospectieve studie in Gent uitgevoerd om de incidentie van 

scabiës te meten maar ook om de kenmerken van scabiës patiënten binnen deze 

regio te verkennen. Er werd een hogere incidentie vastgesteld bij personen ouder 

dan 75 jaar. Dit wijst mogelijk op een groeiend probleem van scabiës binnen rust- en 

verzorgingstehuizen. Er werd ook een hogere incidentie vastgesteld bij immigranten 

waarbij de nationaliteit van de patiënt waarschijnlijk een indicator is van SES (met 

een lagere SES bij immigranten). De resultaten van deze studie suggereren ook dat 

een vierde van de patiënten meerdere keren een arts consulteerde voor de diagnose 

van scabiës werd gesteld of een aangepaste behandeling werd voorgeschreven. 
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De evidentie waarop het behandelingsadvies voor scabiës gesteund wordt is eerder 

mager. De uitvoering van klinische studies en systematische reviews wordt 

gehinderd door diagnostische en methodologische problemen. Toch wordt 

permethrine crème als voorkeursbehandeling beschouwd door de experten binnen 

dit domein. Andere behandelingsopties zoals benzyl benzoaat lotion of crotamiton 

zijn minder werkzaam maar kunnen toch een rol spelen in de behandeling van 

scabiës, bijvoorbeeld wanneer de kostprijs van de behandeling een belangrijk punt is 

voor de patiënt.  

Recente studies hebben aangetoond dat ivermectine tabletten ook werkzaam zijn 

tegen scabiës. Het is nog niet helemaal duidelijk welke rol dit product kan spelen in 

de aanpak van scabiës, omdat er nog geen vergelijkende klinische studies werden 

uitgevoerd in een representatieve, West-Europese populatie. Toch is ivermectine een 

goed alternatief wanneer een systemische behandeling te verkiezen is boven een 

lokale behandeling. 

Tot slot werd de aanpak van scabiës besproken. Momenteel wordt een op evidentie 

gebaseerde richtlijn voor de aanpak van scabiës ontwikkeld. Vanuit een algemeen 

standpunt kan gesteld worden dat voldoende kennis over een bepaalde aandoening 

noodzakelijk is om een correct beleid te kunnen voeren. In een studie rond de kennis 

en aanpak van scabiës bij huisartsen en dermatologen in de regio Gent werd 

aangetoond dat de kennis van beide groepen voldoende is. De kennis over het 

onderwerp nam toe bij artsen met meer ervaring. De resultaten van de 

bovenvermelde epidemiologische studie lijken echter de resultaten van de 

kennistoetsing tegen te spreken omdat een aanzienlijk aandeel van de patiënten 

verschillende keren een arts consulteerde voor een werkzame behandeling werd 

voorgeschreven. Het is mogelijk dat de kennistoetsing een te optimistisch beeld gaf 

van de kennis. Het verschil kan echter ook betekenen dat artsen misschien 

voldoende passieve kennis hebben over het onderwerp maar niet in staat zijn die 

kennis over te brengen in de praktijk. 

Het onderzoek dat beschreven werd in deze thesis heeft bijgedragen tot de kennis 

van sommige aspecten in de aanpak van zowel scabiës als pediculosis. Er blijven 

echter nog steeds een aantal onopgeloste problemen die in de toekomst verder 

onderzocht dienen te worden. Bovendien zouden internationale afspraken rond 

diagnostische, epidemiologische en therapeutische beginselen de aanpak van beide 

ziektes alleen maar ten goede komen.  
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Résumé 

 
La pédiculose et la gale sont deux infestations de la peau fréquemment observées. 

Quoique la pédiculose atteigne surtout les enfants entre 3 et 12 ans, on rencontre 

pas mal de cas chez  les adolescents et les adultes. 

La prévalence des poux diffère d’un pays à l’autre. On estime une prévalence 

d’environ 10% dans des pays industrialisés mais des chiffres plus hauts ne sont pas 

rares. La pédiculose cause des lésions cutanées et des gênes physiques mais 

surtout des problèmes psychologiques, financiers et sociaux. 

Quoique la gale ne soit pas une condition mortellement grave, elle peut être la 

source de grands ennuis à cause de l’éruption cutanée et surtout à cause du prurit 

persistant, déprimant et gênant. La gale a aussi un impact important sur la santé 

publique. Le chiffre de 300 millions de nouveaux cas de gale par an dans le monde 

est proposé. La gale est endémique dans beaucoup de pays du tiers-monde. Dans 

les pays développés on rencontre des problèmes chez les personnes séjournant 

dans des institutions ou chez les individus défavorisés au plan social. Les coûts pour 

combattre la gale dans une institution sont souvent importants. 

 

L’objectif de la recherche qu’on a réalisée était de développer une approche, fondée 

sur des données évidentes, de la pédiculose et de la gale à l’aide d’une exploration 

et une critique de la littérature disponible. En plus, on a tâché à l’aide d’une 

recherche originale de résoudre des questions pour lesquelles on n’avait pas encore 

trouvé de réponse. 

 

Une analyse minutieuse de la littérature sur les deux sujets, a découvert qu’il existe 

beaucoup de controverses sur des éléments cruciaux pour l’approche des deux 

maladies. Les auteurs ne sont pas d’accord sur l’usage et la valeur des critères et 

des procédures de diagnostic et il n‘y a que peu de recherche sur la précision des 

méthodes diagnostiques. On manque des critères uniformes pour évaluer les 

traitements déjà disponibles et les produits nouveaux. Par conséquent, il n’y pas de 

consensus  sur la valeur et la position des alternatives thérapeutiques. En plus, des 
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données épidémiologiques sont rares et beaucoup de méthodes de statistique 

différentes sont utilisées. 

Le diagnostic, l’épidémiologie, le traitement et l’approche de la pédiculose et la gale 

sont discutés dan la première partie de cette thèse de doctorat, les mêmes thèmes 

dans l’approche de la gale sont discutés dans la seconde partie.  

 

Le diagnostic de la pédiculose est compliqué par l’absence d’une méthode de 

référence pour la détection des poux. De nombreuses méthodes ont été décrites 

mais il n’y a que deux études sur la précision diagnostique. Ces études ont démontré 

que l’inspection à l’aide d’un peigne fin et l’inspection utilisant un peigne, de l’eau et 

un baume sont plus précises que l’inspection purement visuelle. Une étude récente a 

démontré que l’inspection à l’aide d’un baume est plus sensible que l’inspection à 

l’aide d’un peigne fin et l’inspection purement visuelle. L’inspection à l’aide d’un 

baume est plus coûteuse, prend beaucoup de temps et convient moins pour des 

contrôles de routine à l’école. Cette méthode est toutefois la méthode préférée pour 

faire un contrôle régulier à domicile. L’inspection à l’aide d’un peigne fin convient 

peut-être mieux pour des contrôles d’une grande population. 

En 2001, 6169 d’enfants à Gand ont été inspectés sur la présence des poux. Le but 

était d’établir la prévalence de la pédiculose dans cette région mais aussi d’explorer 

le rôle des différents facteurs de risque. Des poux vivants ont été retrouvés chez 

8.9% des enfants et 4.6% présentaient des lentes mais pas des poux. Mettre des 

enfants ensemble dans un même groupe (classe, école) avait un plus grand impact 

sur le risque d’être atteint par la pédiculose que les caractéristiques individuelles de 

l’enfant. Toutefois, la position socio-économique, le nombre d’enfants par famille, la 

longueur et la couleur des cheveux étaient des facteurs significatifs sur le niveau 

individuel. Les résultats doivent être interprétés prudemment car il n’y a pas 

nécessairement une relation causale entre les facteurs de risque et la prévalence 

des poux. Les facteurs de risque mènent probablement à des chiffres de prévalence 

plus élevés parce qu’ils empêchent un diagnostic précoce et un traitement adéquat. 

Pour le moment il est très difficile de donner un avis universellement accepté sur le 

traitement de la pédiculose parce qu’il n’y pas de consensus sur la façon de conduire 

des études cliniques. Le développement des revues systématiques est empêché par 

l’absence des critères pour évaluer des études cliniques. En plus, on a besoin 

d’études de résistance pour juger de  l’efficacité des pédiculicides. 
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Jusque maintenant, il y avait peu de recherche sur la façon d’enlever les lentes de la 

tige pilaire. Nous avons développé une méthode objective pour mesurer la force 

nécessaire d’enlever des lentes d’un poil humain. Une version améliorée de cette 

méthode nous a permis d’évaluer et de comparer l’efficacité de plusieurs produits 

pour éliminer les lentes. De l’eau désionisée, une application courte d’un produit 

commercial pour enlever des lentes et un baume ordinaire, réduisaient la force 

nécessaire pour enlever des poux. Une application prolongée d’un baume ordinaire 

ou d’un produit commercial facilitait spectaculairement  l’élimination des lentes mais il 

n’y avait pas de différence entre le produit commercial et le baume ordinaire. Des 

ingrédients spéciaux comme l’acide formique n’apportaient pas un effet bénéfique 

additionnel.  

Finalement, pour contrôler la pédiculose, une politique qui implique toute la 

communauté doit être développée. Les parents, les enseignants, les infirmières de 

l’école, la direction de l’école, les pharmaciens, les médecins, les autorités locales 

autant que le gouvernement central : tous  jouent un rôle important. 

 

La recherche scientifique sur la gale est confrontée avec des difficultés similaires à la 

recherche sur la pédiculose. En premier lieu, le diagnostic de la gale est basé sur 

une évaluation de l’anamnèse du patient et les lésions cliniques. Des techniques 

diagnostiques et des tests de laboratoire n’apportent pas un grand aide pour le 

clinicien. La difficulté d’établir le diagnostic de la gale est peut être une des raisons 

pour lesquelles il existe si peu d’études sur l’épidémiologie de la gale. En plus, ces 

études ne sont souvent pas représentatives pour la population belge. 

Une étude prospective sur l’incidence de la gale à Gand était organisée en 2004 

pour explorer les caractéristiques des patients souffrant de la gale. On a noté une 

incidence élevée chez des personnes âgées de plus de 65 ans. Ceci peut refléter un 

problème croissant de la gale dans les maisons de repos.  On a aussi constaté une 

incidence élevée chez des immigrants. Dans le dernier cas, la nationalité est plutôt 

un indicateur de la position socio-économique des immigrants ayant une position 

plus modeste. 

Cette étude suggérait aussi qu’un malade sur quatre doive visiter plusieurs médecins 

avant que le traitement approprié soit prescrit. 

En ce qui concerne le traitement de la gale, l’évidence sur lequel l’avis du traitement 

doit être basé est plutôt limitée. Les études cliniques et les revues systémiques sont 
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compliquées par des problèmes de diagnostic et de méthodologie. Toutefois, les 

experts ont agréé plus au moins que pour l’instant la crème à la perméthrine est le 

traitement du choix. D’autres agents thérapeutiques comme la lotion au benzoate de 

benzoyle ou la crème au crotamiton sont moins efficaces. Ces produits peuvent 

toutefois être utiles dans le traitement, par exemple quand le coût d’un traitement est 

un problème. 

Des études récentes ont démontré que l’ivermectine a des caractéristiques 

scabicides. Le rôle de ce produit dans l’approche de la gale n’est pas encore tout à 

fait élucidé parce que seule une étude a comparé l’efficacité de l’ivermectine avec la 

crème à la perméthrine dans une population où la gale est endémique. Toutefois, 

l’ivermectine est une bonne alternative quand un traitement systémique est préféré. 

Finalement, on a aussi discuté l’approche globale du traitement de la gale. Une 

directive basée sur des données évidentes est en cours de développement. 

D’un point de vue général on peut poser comme principe qu’une connaissance 

suffisante d'une maladie est un préalable nécessaire pour pouvoir mener une 

approche de traitement adéquate. 

Une étude sur la connaissance et le traitement de la gale chez des généralistes et 

dermatologues dans la région de Gand a démontré que la connaissance des deux 

groupes était d’un niveau acceptable.  La connaissance semblait être meilleure chez 

des médecins avec plus d’expérience. Les résultats relativement bons semblent en  

contradiction avec les résultats de l’étude épidémiologique décrite plus haut. Dans 

cette étude, quasiment un patient sur quatre devait consulter plusieurs médecins 

avant que le traitement approprié soit prescrit. C’est  possible que le résultat du test 

sur la connaissance soit trop optimiste. Cependant, cette discordance pouvait aussi 

indiquer que les médecins ont des problèmes pour mettre leur connaissance en 

pratique. 

 

La recherche décrite dans cette thèse de doctorat a augmenté la connaissance sur 

quelques aspects dans l’approche thérapeutique de la gale et de la pédiculose. 

Toutefois, il y a toujours des issues qui restent non définies et qui demandent plus de 

recherche. En plus, des consensus internationaux sur les principes diagnostiques, 

épidémiologiques et thérapeutiques sont nécessaires pour améliorer l’approche et la 

politique à mener des deux maladies.  
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Abstract 

Objectives. Pediculosis capitis is a common infectious disease in schoolchildren. It is 

diagnosed when a living, moving louse is found. There are different methods to detect head 

lice but there is little information on the accuracy of the different screening methods. The 

objective of this study is to compare the diagnostic performance and efficiency of wet 

combing with conditioner (WCWC), dry combing (DC) and visual inspection (VI) as methods 

to detect head lice. 

Patients & Methods. 608 children between 2 and 14 years of age attending primary schools 

and kindergartens in Ghent, Belgium were screened on the same day with VI, DC and 

WCWC consecutively by 3 different, blinded screening teams. All positive diagnoses were 

corroborated by an expert. 

Results. The sensitivity of WCWC is 1.25 (P = 0.002, χ² = 9.49) higher than of DC and 2.47 

(P < 0.001; χ² = 59.07) times higher than of VI. The sensitivity of DC is 1.98 times (P < 0.001; 

χ² = 33.97) the sensitivity of VI. With one set of permanent equipment, 33, 25 and 17 children 

can be screened a day with respectively VI, DC and WCWC.  In this study, the costs per 

screened child were 57% higher with WCWC than with DC. The costs per detected case 

were 26% higher with WCWC than with DC 

Conclusion. WCWC has a higher diagnostic performance than DC and VI but more 

expenses and human resources are needed. If the necessary resources are available, 

WCWC should be advocated. DC is the next best alternative when WCWC is not possible. VI 

should be abandoned. 
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Introduction 

 
Pediculosis capitis is a very common infectious disease in children. There is much confusion 

about the way pediculosis should be diagnosed. Nits, the eggshells of the head louse, can be 

present in case of an active infestation. However they are difficult to remove and can remain 

in the hair for a long time, even after a successful treatment.1 Nits in absence of lice is 

therefore a sign of a passive infestation. An active infestation is diagnosed when a living 

louse is found.2 The traditional method to detect lice is visual inspection (a visual check of the 

scalp while parting the hair by hand or with applicator sticks).3 Screening methods using a 

fine-toothed comb4, conditioner (applied on dry, wet or shampooed hair 5-7) or a pediculicide 8 

,9 have been used in the past two decades. Several authors have discussed the treatment of 

pediculosis 10-16 but only two trials reported on the diagnostic accuracy of these screening 

methods. Mumcuoglu et al. demonstrated that dry combing (DC) was four times more 

effective than visual inspection (VI) 4 and De Maeseneer et al. found that VI resulted in 30% 

false positives and 10 % false negatives compared to wet combing with conditioner 

(WCWC).17 To our knowledge there are no published trials comparing WCWC to DC yet. 

There is currently no gold standard for the detection of head lice.2 ,18

The aim of this study is to compare the diagnostic performance of VI, DC and WCWC in the 

screening for head lice. Furthermore, the economic implications of the different screening 

methods are considered. 
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Patients & Methods 

 
Enrolment of participants 
Ghent is a Western European town where almost all children between the ages of 2.5 and 12 

attend kindergartens or primary schools. The School Health Departments (SHD) in the Ghent 

area were asked to suggest four schools (2 with probably low, and 2 with probably high 

prevalence of head lice) that might be interested in participating in the study. 

All children from these 4 kindergartens and primary schools were invited to join the screening 

programme. A letter was sent to all parents to inform them about the programme and to ask 

for their written consent.  

 

Recruitment of screeners 
About 50 volunteers, SHD staff, medical and nursing students with little or no prior 

experience, participated in the screening. In one school, parents helped with administrative 

functions. All volunteers attended an information session in which the study protocol was 

explained and the different screening methods were demonstrated. All volunteers rotated 

between the different teams. 

 

Study protocol 
Every participating child was first examined by VI, then by DC and finally WCWC. The three 

methods were applied consecutively by three independent screening teams. The screening 

teams were located in three separate rooms and blinded for the results of the other teams. 

The results of VI and DC were not communicated to the child.  

First, hairpins and pony-tails were removed from the hair. In VI the screener lifted every lock 

of hair to carefully check the scalp for head lice, starting on one side of the head and working 

systematically up to the other side of the head. No tools were used, except for a magnifying 

glass. For DC, every screener used a set of combs (an ordinary wide-toothed comb and a 

fine-toothed comb (1998 Bug Buster comb 7), a magnifying glass, wooden tooth picks and a 

small tray with disinfectant. After untangling the hair with the wide-toothed comb, the scalp 

was systematically combed lock by lock using the fine-toothed comb while gently touching 

the scalp. The comb was checked for lice after every stroke. Any louse found was double-

checked by an expert (P.I.) and was left in the hair in order not to influence the performance 

of WCWC. When the screening was completed, the comb was cleaned with the toothpick and 

disinfected. 

The screening protocol was concluded with a WCWC session. The same instruments as in 

DC, as well as conditioner, lukewarm water, kitchen roll and mobile washing basins were 
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made available to the screeners. After thoroughly wetting the hair, plenty of conditioner was 

applied to the hair. The hair was straightened and untangled with the wide-toothed comb. 

Then the hair was combed lock by lock from the nape of the neck to the forehead with the 

fine-toothed comb while remaining in contact with the scalp. After each stroke, a piece of 

kitchen roll was used to wipe off the conditioner in which the lice were caught. The 

conditioner was rinsed from the hair when the complete scalp surface was combed. Then the 

combing procedure was repeated from front to back. Any louse found was double-checked 

by an expert. 

The time of the screening procedure was registered using a stopwatch. Time started running 

as soon as the screening was initiated and ended when the first living, moving louse was 

found or when the procedure was completed in the absence of lice. 

The cost to screen a child was estimated per method. The estimation was based on the cost 

for material that is strictly needed to perform the screening such as combs, towels, 

conditioners, washing basins et cetera. Costs for tap water, material needed for 

administration or the laundering of towels was not included. The cost for personnel was not 

included because large scale screenings are usually performed by a variable number of 

professionals, assisted by many volunteers. The costs for consumables and permanent 

equipment were calculated per screened child and per detected case.  

 

Each screener filled out a form with the child’s hair colour (fair, brown or black), hair type 

(straight, curly or frizzy), hair length (very short, short, medium length, long), the result of the 

screening (louse yes/no, nit yes/no) and the time needed to complete the screening or to find 

the first living louse.19

All parents received a letter with the result of the screening, a free louse comb and a leaflet 

explaining different treatment options. Positive children were checked 10 days after the base-

line screening using WCWC. 

 

This study was approved by the ethics committee of the University Hospital Ghent 

(2004/409). 

 

Description of the statistical methods 
All positive results were double-checked by an expert to avoid false positive diagnoses. Since 

all positive test results were confirmed cases of pediculosis, the specificity of each method 

used in this study was by definition 100%. Moreover, the sensitivity of each method can be 

expressed as the ratio of the prevalence of lice as detected by that method (numerator) and 

the true prevalence (denominator). Hence, under these particular circumstances, comparing 

sensitivities of screening methods is equivalent to comparing their detection rates. The 
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McNemar test was used to compare related samples; the Kruskal-Wallis test was used to 

compare independent samples. 

The threshold for statistical significance was chosen as α=0.05. Data were analyzed using 

SPSS (version 11.0). 
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Results 
 
Demographic characteristics 
A total of 732 children from four schools were invited to participate in the screening, which 

took place from September 26th to November 18th, 2005. Six hundred and eight children 

(83%) met the inclusion criteria and were screened by all 3 methods as described in the 

study protocol (see Fig 1). 

 

Forty-four percent of the screened children were girls and 56% were boys. Children were 

between 2 and 14 years old with an average age of 8.5. The demographic characterisctics 

are summarized in Table 1. 

 
Detection of head lice 
Head lice were found in 7.6 %, 15.0% and 18.8% of the children with respectively VI, DC and 

WCWC. Nits in the absence of lice were found in 17.9 %, 9% and 8.1% with respectively VI, 

DC and WCWC. 

 

Fifty-one cases (40%; 95% confidence interval: 36.1%-43.9%) and 72 cases (55 %; 95% 

confidence interval: 51%-59%) were missed with VI if respectively DC and WCWC were 

chosen as reference test. With DC at least 37 cases (29%; 95% confidence interval: 25.4%-

32.6%) are missed compared to WCWC. As shown in the Venn diagram, WCWC resulted in 

14 (11%; 95% confidence interval: 8.5%-13.5%]) false negative diagnoses (Fig 2). 

 

The true prevalence of head lice is at least 21% because 18.8% was detected by WCWC and 

another 2.3% was positive with DC alone. If the true prevalence would actually be 21%, then 

the sensitivity of VI, DC and WCWC would be 36% (95% confidence interval: 27.7%-44.3%), 

71% (95% confidence interval: 63.1%-78.9%) and 89% (95% CI 83.6%-94.4%) respectively. 

The sensitivity of WCWC is 1.25 (P = 0.002, χ² = 9.49) and 2.47 (P < 0.001; χ² = 59.07) times 

higher than the sensitivity of respectively DC and VI. The sensitivity of DC is 1.98 (P < 0.001; 

χ² = 33.97) times higher than in VI.  

 

Is the performance of the screening method influenced by hair characteristics? 
The detection rate of head lice is highest with WCWC in every category of sex, age, hair 

length, hair type and colour. The sensitivity of WCWC in brown hair is 3.3 (P < 0.001; χ² =  

37.03) times higher than in VI whereas in fair hair it is 1.6 (P = 0.001, χ² = 11.2) times higher 

(Table 1). 
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Time needed to screen 
The median time to screen a child without head lice using VI, DC and WCWC was 

respectively 2’46”, 3’10” and 5’31” (P < 0.001, Kruskal-Wallis test χ² = 325.62, df 2). The 

median time needed to detect head lice with VI, DC and WCWC was respectively 2’54”, 2’02” 

and 3’34” respectively (P < 0.001, Kruskal-Wallis test χ² = 42.33, df 2) (fig 3). 

 

Cost balance 
With one set of permanent equipment, 33, 25 and 17 children could be screened per day with 

respectively VI, DC and WCWC. If the permanent equipment is used all of the available time 

(182 days of school per year), 6006, 4550 and 3094 children can be screened per year with 

respectively VI, DC and WCWC. One set of equipment can be used for approximately 4 

years before it needs to be replaced. The cost for permanent equipment per 100 children was 

calculated as the cost for one set of equipment divided by the number of children that could 

be screened with this equipment during a 4 year period. For instance, one set of permanent 

equipment for WCWC costs € 92.13. The cost for permanent equipment in WCWC was 

€92.13 divided by 12376 and is thus € 0.0075 per child or € 0.75 per 100 children. The total 

cost per 100 detected cases was calculated by dividing the total costs ( permanent 

equipment and consumables) by the prevalence rate with this method. For instance if the 

total cost to screen 100 children with WCWC was € 26.34, than the total cost per 100 

detected cases was € 26.34 divided by 18.8% or €140 per 100 detected cases and €1.40 per 

detected case. 

In daily practice, the equipment will probably be used less frequently and the cost per 

screened child and detected case is also calculated in case the equipment is used half of the 

available time. (Table 2) 

 
Results of the screening 10 days post base-line  
At base-line screening, head lice were found in a total of 128 children. In 94 children (73%) a 

follow-up screening using WCWC was performed 10 days post base-line. Living, moving 

head lice were still found in 66 (70 %) children. 
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Discussion 
 

To our knowledge this is the first study comparing the diagnostic accuracy of three commonly 

used screening methods in a single sample of 608 children. This report is unique because 

WCWC and DC have been compared directly. The sensitivity of WCWC was 1.25 times 

higher than the sensitivity of DC. In every category of hair length, colour and type, the highest 

detection rates were found with WCWC implying that this method performs best, regardless 

of the hair characteristics.  

These results show that WCWC has the highest diagnostic accuracy. It should be noted that 

these results are applicable for WCWC as described in this paper. The results might be 

different in other variants (e.g. when applying conditioner to dry hair or combing wet hair 

without using conditioner) or in Bug Busting where conditioner is applied on shampooed hair. 

Fourteen cases were detected by DC or VI but not by WCWC. This might be indicative of 

method failure. It is also possible that lice were accidentally dislocated when manipulating the 

hair during the first two screenings. In this case the sensitivity of WCWC would be 

underestimated.  

 

The sensitivity of DC is 2 times higher than the sensitivity of VI. This study confirms the 

results from the study by Mumcuoglu et al., who found that dry combing was almost 4 times 

more efficient 4. The time to find a louse was much shorter in the latter study, probably 

because the screeners were trained parasitologists. WCWC performed better than VI, which 

is in accordance with the study by De Maeseneer et al. 17 In the latter, 10% false negatives 

were found with VI, which is much lower than in the current study. The accuracy of VI is 

clearly influenced by hair colour and the method performs better in blond hair. Our hypothesis 

is that the contrast between a louse and the background is much greater in fair hair than in 

brown hair, making them easier to spot in light-coloured hair. 

 

The sensitivity of the three methods is estimated at 36%, 71% and 89% for respectively VI, 

DC and WCWC. The prevalence of lice, as estimated by combining all three methods, is at 

least 21% in this sample, which is higher than in some studies 5 ,19 but comparable to 

prevalences found in others. 4 ,9 ,17 However, the true prevalence in this sample is not known 

and might be higher if some cases are missed by all three methods. In that case the 

sensitivity of all three methods would be lower. For instance if the true prevalence were 25%, 

the sensitivity of the three methods would decrease to 30%, 60% and 75% respectively.  

It should be noted that the diagnostic accuracy also depends on the skills of the screener, 

regardless of the chosen method. In this study, the screeners had limited prior experience but 
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received a short training, reflecting a real-life setting. The sensitivity of all methods would be 

lower if the screening were to be performed by an untrained screener.  

 

Living lice were still found in 70% of the children screened 10 days post-baseline, illustrating 

that screening and written treatment advice are not sufficient to reduce the number of 

infested children. A coordinated approach with practice sessions and discussion groups 

actively involving the parents are probably needed.  

 

The positive predictive value of the methods cannot be estimated because the experts who 

confirmed the positive diagnoses did not record false positive diagnoses. The characteristics 

of the infestation were not registered for pragmatic reasons. This could be an interesting 

factor that might influence the performance of a screening method and needs further 

investigation. However, since the methods were performed on the same population this will 

not have significantly influenced the main conclusion of this paper.  

 

When choosing a diagnostic method, the economic consequences should be taken into 

consideration. VI is by far the least expensive method but is also the least accurate. 

Choosing WCWC implies more expenses and human resources than DC. The costs to 

screen a child are 57% higher with WCWC than with DC. The costs per detected case are 

26% higher in WCWC than in DC. However it should be noted that the costs for permanent 

equipment can be lowered if children are combed over a sink instead of a hairdresser’s 

mobile washing basin.  

 

Accurate detection is the cornerstone of head lice management and we therefore suggest 

that the most accurate detection method should be used. WCWC can be performed at home 

and even in schools where there is access to lukewarm water, but it is more expensive and 

time consuming than DC. Since the sensitivity of DC is two times higher than the sensitivity of 

VI, DC is the next best method if the appropriate conditions for WCWC are not available. VI 

should be abandoned since more accurate alternatives are available. Regardless of the 

chosen method it is important to give the screeners proper training to avoid false positive and 

false negative diagnoses. An expert should be available to assist in the diagnosis. 

 

More studies on diagnostic accuracy of screening methods for head lice should be performed 

in experimental conditions and in real life situations in order to find a gold standard. In the 

meantime we suggest WCWC as the gold standard for detection of head lice in scientific 

studies until a more accurate method is found. 
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Figures 
 

Figure 1: Inclusion of participants 
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Figure 2: Venn diagram of the 128 true positive results according to visual inspection, dry 

combing and wet combing. (n=608) 
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Figure 3:  

A) Time needed to complete the screening in the absence of lice 

 
 

B) Time needed to find the first louse. 
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Tables 

 

Table 1 Results of the screening with different methods: percentages (numbers) with head 

lice 

 

 Number of 
children 

Visual 
inspection 

Dry combing Wet combing 

School (n=608)     
School 1 165 5.5 (9) 13.3 (22) 17.6 (29) 

School 2 102 13.7 (14) 28.4 (29) 30.4 (31) 

School 3 174 8.6 (15) 14.4 (25) 23.6 (41) 

School 4 167 4.8 (8) 9.0 (15) 7.8 (13) 

Sex (n=608)     
Boy 340 1.8 (6) 7.9 (27) 12.1 (41) 

Girl 268 14.9 (40) 23.9 (64) 27.2 (73) 

Age (years) (n=608)     

≤ 5 76 9.2 (7) 17.1 (13) 22.4.(17) 

6-7 141 7.1 (10) 14.2 (20) 16.3 (23) 

8-9 152 7.9 (12) 16.4 (25) 21.1 (32) 

10-11 160 5.0 (8) 13.1 (21) 14.4 (23) 

≥ 12 79 9 (11.4) 15.2 (12) 24.1 (19) 

Hair length (n=605)     

Very short 155 2.6 (4) 9.7 (15) 14.2 (22) 

Short 229 3.1 (7) 10.9 (25) 15.7 (36) 

Medium 89 18.0 (16) 24.7 (22) 24.7 (22) 

Long 132 14.4 (19) 22.0 (29) 25.8 (34) 

Hair type (n=608)     

Straight 552 8.2 (45) 15.9 (88) 19.4 (107) 

Curly 43 2.3 (1) 7.0 (3) 16.3 (7) 

Frizzy 13 0 0 0 

Hair colour (n=603)     

Black 121 0.8 (1) 2.5 (3) 8.3 (10) 

Brown 242 7.0 (17) 18.2 (44) 23.1 (56) 

Fair 240 11.7 (28) 17.9 (43) 19.2 (46) 

 



Part VII: Research papers | Paper 2 
 
 

 

Table 2 Costs of VI, DC and WCWC per screened child and per detected case. 

 

 

Method Equipment Cost per 100 children 
screened (€) 
Equipment used all of the 
available time 

Cost per detected 
case (€) 

Cost per 100 children 
screened (€) 
Equipment used half of the 
available time 

Cost per detected 
case (€)  

Visual inspection Permanent equipment: 
Magnifying glass 

0.13  0.25  

 Consumables: 
/ 

    

 Total 0.13 < 0.01 0.25 0.03 

Dry combing Permanent equipment: 
Magnifying glass, 
ordinary comb, plastic tray 

0.03  0.07  

 Consumables: 
Fine toothed comb, 
disinfectant 

16.74  16.74  

 Total 16.77 1.11 16.81 1.12 

Wet combing Permanent equipment: 
Magnifying glass,  
ordinary comb, plastic tray, 
towels, washing basin 

0.75  1.50  

 Consumables: 
Fine toothed comb, 

disinfectant, kitchen role, 
conditioner 

25.59  25.59  

 Total 26.34 1.40 27.09 1.44 
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Efficacy of products to remove eggs of Pediculus humanus 

capitis from the human hair. 
 
Introduction 
Pediculosis capitis is a very common infestation, mainly affecting children between 3 and 12 

years old. Prevalences vary from country to country but active infestation rates of almost 

10% are not uncommon. 1

 

The egg laying process has been extensively studied in body lice. Egg laying by head lice 

shows great resemblance to the process in body lice. The egg and its membranes develop in 

the ovarioles of the female louse. They are separated from the oviduct by a plug of tissue. 

First the louse threads a hair between the gonopods and then some sort of glue is secreted 

which fills the oviduct and is spread around the hair, forming a glue tube. The plug of tissue 

breaks off and the egg is released into the oviduct and pushed into the glue. The glue sets 

and forms a solid tube or cylinder around the hair which extends into an eggshell (which is 

also known as a “nit”) surrounding and protecting the egg.2 The distal end of the egg consists 

of several domed structures and is called the operculum. This structure is not covered with 

glue and in vitro experiments using body lice eggs suggest that the operculum functions as a 

respiratory opening. 2  

 

The presence of eggshells (with or without viable eggs) poses several problems. The first 

problem is that chemical treatments are often not sufficiently ovicidal. Chemical treatments 

should be repeated regularly to kill the newly hatched nymphs.3 4 Even if a patient is 

successfully treated, the empty eggshells can remain in the hair for a long time because they 

are firmly stuck to the hair and difficult to remove. In these circumstances, the presence of 

obvious nits is not only a cosmetic problem because nits are sometimes mistaken for an 

active diagnosis leading to unnecessary treatment.5

 

Several authors have tried to unravel the composition of the eggshell. Histochemical 

examination of the adhesive substance using the glue glands dissected from living female 

lice revealed that the adhesive mainly consist of proteins.2 This finding was confirmed by 

Burkhart et al. who performed pyrolysis-gas chromatography and mass spectrometry on the 

solid nit cylinders. This study revealed a high relative abundance of components derived 

from phenylalanine, tyrosine, tryptophan and glutamic acid.6 7 The same authors investigated 

whether products such as vinegar, acetone, bleach, all purpose degreaser, petrolatum and 

even vodka facilitated the removal of nits in vitro. Only bleach, vodka and vinegar assisted 

 160



Part VII: Research papers | Paper 4 
 

mildly but were not therapeutically efficacious.8 Mumcuoglu et al. reported that acid 

shampoos, 5% acetic acid, conditioners and vegetable oils are effective in detaching eggs 

from the hair.9 In most of these studies, however, the method to determine the effect of the 

studied products, were poorly defined and not validated. 

A small un-blinded clinical study demonstrated beneficial results with a nit removal system 

containing a formic acid 8% cream rinse and metal comb. The nit removal system was 

compared to a control site that was only combed with a plastic comb.10 However, the different 

type of comb alone could account for the better result in the treated site.11 In summary, solid 

in vitro and in vivo data are lacking to support the use of any of the proposed products to 

facilitate nit removal. Nevertheless, the formic acid cream rinse and home remedies such as 

vinegar are frequently cited in traditional literature reviews on the treatment of pediculosis. 9 

12 13

 

The objective of the current study was to determine the efficacy of several products to 

remove eggshells from human by using an objective measurement procedure described in 

detail by Lapeere and co-workers.14

 

Materials and methods 
We recently described an objective procedure to measure the force needed to remove nits 

from the human hair.14 In the present study, we basically used the same method with some 

small adaptations. The force transducer, obtained from Grass Instruments (Quincy, MA), was 

connected to an amplifier and Lab Jack U12 USB data acquisition unit purchased from 

LabJack Corporation (Lakewood, CO). This device digitizes the electrical signals from the 

force transducer and stores them as data files on the computer, in voltage versus time. 

Calibration of the force transducer allows simple conversion of these data to force versus 

time, more precisely the force needed to displace an eggshell. From these data recordings 

the average force (Fav) and maximum force (Fmax) were determined with software written in 

Matlab (Matlab 6.1, Mathworks Inc. 2001). (Fig. 1) 

A total of 605 hairs with a single nit attached at least 15 mm from the root end of the hair 

were collected. Approximately 14% of the eggshells contained a dead egg, whereas the rest 

were empty. The hairs were cut as close to the scalp as possible. The distal end of the hair 

was cut 20 mm behind the nit. Hairs were stored for 10 to 31 days at room temperature until 

they were used for experiments. The distance of the nit from the proximal end of the hair and 

the length of the nit cylinder were measured as previously described.14 (Fig. 2) 

The hairs were obtained from 6 children between 7 and 11 years (average age 9). One child 

was recently treated with permethrin 1% shampoo, one child with a mousse containing 1% 
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permethrin and 2% piperonylbutoxide, one child with malathion lotion, two children with wet 

combing with conditioner and one child was not recently treated. 

The hairs of patient 1 and 2 were divided into 13 equal groups of approximately 25 hairs. 

These groups were used for the measurements in batches 1, 2 and 3.  

For the 4th batch, 7 equal groups were created with the hairs of patients 3 and 4. Finally, the 

5th batch consisted of five equals groups containing hairs of patients 5 and 6. 

Within one batch, the hairs from two patients were divided so that all groups contained more 

or less the same number of hairs and that there were no differences in distance of the nit to 

the proximal end of the hair or length of the nit cylinder.  

Because the groups within one batch were very similar, the products can be compared one 

to another. Batches 1, 2 and 3 can also be compared with each other because hairs from the 

same patients were used. They cannot be compared to batch 4 or 5 because hairs from 

different patients were used. 

 

In the first batch, a short treatment with commercial nit removal products and ordinary 

conditioner was tested. The commercial nit removal products, available in Belgium or The 

Netherlands, are basically conditioners with one or more additives that are supposed to 

facilitate nit removal. 

One group of hairs was left untreated. The second group was treated with Shampoux Balm 

Activ from Qualiphar (Bornem, Belgium). This product contained Hibiscus Sabdariffa as 

“active ingredient”. On the third group of hairs Para Balm from Medgenix (Wevelgem, 

Belgium) was applied, a product containing 4% acetic acid. The fourth group of hairs was 

treated with Neetex from Alfaco (Amersfoort, The Netherlands) which contained a non-

specified quantity of citric acid and acetic acid. Finally, the fifth group of hairs was treated 

with ordinary conditioner (not containing any of the presumed active ingredients) purchased 

from Kruidvat (Renswoude, The Netherlands). The composition of these products is listed in 

Appendix I. 

The hairs were treated according to the instructions on the package insert. The hairs were 

first wetted with luke-warm running tap water before the product was applied. The product 

was left on for 10 minutes and rinsed before testing.  

 

In the second batch the effect of formic acid (FA) solutions with different pH values was 

explored. FA and sodium formate, obtained respectively from VWR International (Leuven, 

Belgium) and Merck (Darmstadt, Germany) were dissolved in deionized water purchased 

from VWR International (Leuven, Belgium). FA solutions with a pH of respectively 2, 3, 4, 5 

and 6 were prepared by changing the ratio of sodium formate to FA, and were tested on five 

groups of hairs. A sixth group was used to test the effect of the vehicle, which was pure 
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deionized water with a measured pH of 5.4. All groups were immersed in the FA solution or 

pure deionized water for 10 minutes and tested immediately, without rinsing. These groups 

were compared to the group of untreated hairs from the first batch. 

 

In the third batch, the effect of FA in a gel vehicle was tested. A 

hydroxypropylmethylcellulose (HPMC) gel was prepared by dissolving 1 gram of HPMC in 

100 gram of deionized water. A buffered FA gel was prepared by adding 4 grams of FA and 

4 grams of sodium formate to 100 grams of the pure 1% HPMC gel. One group of hairs was 

treated with the blanco gel (vehicle) and a second group with the FA gel. The effect of these 

substances was compared to the untreated hairs (from batch one) and hairs treated with 

deionized water (from batch two). 

 

In a fourth batch, we tested the effect of the consistency of the HPMC gel, but also of an 

application with almond oil and a long application of conditioner. 

A first group was left untreated and a second was treated with deionized water, as described 

above. The third and fourth groups were treated as previous with a basic 2% HPMC gel and 

a basic 3% HPMC gel. In the sixth group the effect of almond oil, obtained from Fraver 

(Kontich , Belgium) was explored. The oil was applied for 10 minutes and then rinsed under 

luke warm tap water. In the seventh group, the same oil was left on the hair during force 

measurement. In an eight group the ordinary conditioner was applied on the hair and left on 

during force measurements.  

 

Finally the fifth batch was used to explore the effect of a long application of conditioner 

versus a short application. One group was left untreated; the hairs of group 2 and 4 were 

treated for 10 minutes with respectively the ordinary conditioner and a commercial nit 

removal product (Para Balm). Groups 3 and 5 were treated with the same products but the 

hairs were not rinsed. 

Data were analyzed using SPSS software (version 12). The Kruskal-Wallis test was used to 

compare medians of multiple groups and the Mann-Whitney test was used to compare 

medians of two groups. The threshold for statistical significance was at P < 0.05. 
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Results 
The basic characteristics of the hairs in the different batches are shown in table 1. The 

average distance of the nit to the proximal end of the hair varied between 37 and 66 mm, the 

average length of the nit cylinder was between 663 and 888 µm. Distance of the nit to the 

proximal end of the hair and length of the nit cylinder of all groups within each batch were not 

statistically significant different (SSD) from the untreated group (P values not shown). In 

batch one and two there were no significant differences in distance of the nit and nit cylinder 

length between the group treated with deionized water and all the other groups. 

In the first batch we explored the effect of a short treatment with commercial nit removal 

products and ordinary conditioner. 

The Fav needed to remove a nit from the hair in the untreated group was on average 47 ± 7 

mN. Treating the hairs with a commercial nit removal product, ordinary conditioner or a soak 

in deionized water significantly reduced the Fav. The Fav was 18 ± 2 mN in the group treated 

with Neetex, which is the lowest value of all commercial nit removal products tested. (Fig 3A) 

In the untreated group, the Fmax was 118 ± 13 mN on average. Again this parameter was 

significantly reduced in all treated groups as compared to non-treatment, and was lowest in 

the Neetex group (60 ± mN). (Fig 4A) No statistically significant differences were observed 

between the various treatment regimens. 

 

In the second batch of products based on FA solutions, the Fav was only significantly 

reduced in the group treated with deionized water when compared to the untreated group. 

Furthermore, the Fav was statistical significant higher in the groups treated with FA solutions 

with pH 4, 5 and 6 versus the group treated with deionized water (P < 0.05). (Fig 3A) Fmax 

on the other hand was SSD reduced in all treated groups versus the untreated groups. (Fig 

4A) 

 

In the third batch pure HPMC gel and a FA 4% HPMC gel was applied. Fav as well as Fmax 

were SSD reduced in the HPMC gel with and without FA. There was no difference between 

the group treated with deionized water and either of both gel. The developed forces were 

lowest in the group treated with pure HPMC gel with Fav equal to 25 ± 4 mN and Fmax 66 ±7 

mN. (Fig 3C, Fig 4C) 

 

A fourth batch of hairs was used to investigate the efficacy of gel composition, almond oil and 

a long application of ordinary conditioner left on the hair. The Fav and Fmax in the untreated 

group of the second batch were on average 59 ± 7 mN and 132 ± 13 mN. Both Fav and 

Fmax were SSD reduced in the groups treated with deionized water and un-rinsed almond 
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oil. Fav was significantly lower in the group treated with un-rinsed almond oil versus the 

rinsed almond oil (P < 0.05). Fmax was also slightly reduced in the group treated with the 3% 

HMPC gel. A marked and statistical signifcant reduction in Fav and Fmax was noted in the 

group treated with ordinary conditioner, left on the hair during the force measurements with 

Fav and Fmax being 9 ± 1 mN and 25 ± 3 mN. (Fig 3D, Fig 4D) 

 

Finally, in the fifth batch of hairs, the effect of a short and a long treatment of both ordinary 

conditioner and a commercial nit removal product (Para balm) was tested . Fav and Fmax in 

the untreated group was 56 ± 10 mN and 140 ± 15 mN. The measured forces were 

significantly reduced in all treated groups versus the untreated group. Fav and Fmax were 

also significantly reduced in the groups where the conditioner and commercial nit removal 

product were left on the hair, as compared to the groups where these products were rinsed 

off after a 10 min application (P < 0.05). Fav and Fmax were 22 ± 2 and 69 ± 7 in the group 

treated with a short application of ordinary conditioner. These values were reduced to 11 ± 1 

mN and 26 ± 2 mN when the ordinary conditioner was not rinsed off. A similar reduction of 

the forces was observed results in both groups treated with the commercial nit removal 

product. There were no SSD difference in measured forces between ordinary conditioner and 

the commercial nit removal product within the long treatment protocol and within the short 

treatment. (Fig 3E, Fig 4E) 
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Discussion 
The objective and reliable method to measure the force needed to remove eggshells from 

human hairs that was previously described, was adapted in the present work to facilitate data 

handling. The Fav and Fmax measured in the three groups of untreated hairs (Fav was 

respectively  47 ± 7 mN,  59 ± 7 mN  and 56 ± 10 mN and Fmax was respectively 118 ± 13 

mN, 132 ± 13 mN and 140 ± 15 mN) were very similar to the Fav and Fmax measured with 

the earlier method (respectively 51 ± 3 mN and 130 ± 5 mN).  

A short treatment with ordinary conditioner and commercial nit removal products significantly 

reduced both Fav and Fmax. However, the force needed to remove a nit was even more 

reduced if the product was not rinsed off the hairs before the force measurements. 

Furthermore, we could not demonstrate any difference between ordinary conditioners and 

commercial nit removal products. 

Soaking hairs for 10 minutes in deionised water significantly reduced both Fav and Fmax 

compared to untreated hairs. Solutions of formic acid in different pH’s did not have a more 

pronounced effect on the force variables. On the contrary, Fav was significantly higher in the 

groups treated solutions with pH 4, 5 and 6 than in pure deionized water. Almond oil and 

HPMC gels with and without FA had some effect but this was less than the effect of the 

conditioners. 

Recently, the tribologic properties of hair and the effect of cosmetics have been studied. 

Tribology is defined as the science and technology of interacting surfaces in relative motion, 

and embraces the study of friction, wear and lubrication. The tribologic properties of any kind 

of surface can be studied, including of hair. 

LaTorre et al. observed that soaking undamaged hair for 5 minutes in deionised water 

reduced the coefficient of friction. It was hypothesized that healthy, undamaged hair is 

hydrophobic and that consequently more water is present on the surface resulting in a 

lubrication effect after soaking.15  

The same experiment was repeated with hair that was previously chemically damaged by 

colouring and permanent wave treatment. The coefficient of friction increased after the hair 

was soaked in water. Supposedly, damaged hair is more hydrophilic and absorbs water after 

soaking which softens the hair and increases the area of contact with the tip of the tribologic 

measuring device leading to higher friction.15  

The lubrication effect of deionised water could explain why less force is needed to remove a 

nit after a soak in deionised water. Dissolving FA in deionised water did not contribute to the 

effect of pure deionised water. On the contrary, FA might even damage the hair leading to 

higher friction and an increase in force needed to remove the eggshells. An acid pH is 
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probably less harmful than a basic pH because the measured forces were slightly lower in 

the groups treated with FA solutions with lower pH. 

Treating hairs with conditioner or a commercial nit removal products, according to the 

instructions (left on for 10 minutes and rinsed off), resulted in a reduction of measured forces, 

comparable to the effect of deionised water.  Leaving the product on the hair, while 

performing the measurements, resulted in an ever more pronounced reduction. No difference 

was found between several commercial nit removal products and ordinary conditioner. 

The key ingredients of any conditioner are cationic surfactant, fatty alcohols, water. Some 

products also contain silicones such as dimethicone or cylcomethicone. Conditioner coats 

the hair by Van der Waals attraction making it moist and soft. Dry hair becomes easier to 

comb. It has been shown that a treatment with conditioner reduces the coefficient of friction 

of undamaged and damaged hair. 16 This is probably why conditioners facilitate nit removal. 

Probably a thin film of conditioner is present on the hair during the force measurements if the 

conditioner is applied for 10 min and then rinsed. If the product is left on, it is possible that a 

thicker layer of conditioner is present on the hair resulting in more lubrication and less friction 

between the hair and nit.  

Oils, such as almond oil, only slightly decrease the forces needed to remove nits. 

Furthermore, oils are difficult to remove from the hair. In the first batch, Fav and Fmax were 

significantly lower in the hairs treated with a 1% HPMC gel, compared to untreated hairs. In 

the second batch however, there was no statistical significant differences between the 

untreated hairs and the hairs treated with respectively a 2% and 3% HPMC gel. Even though 

there was no difference between the 2% and 3% HPMC gel, it might be possible that a gel 

with lower viscosity (and more water content) caused a slightly better lubrication effect. The 

fact that damaged and undamaged hairs react different to water could also explain the 

observed difference. The hairs in batch 4 and 5 were collected from different patients than 

the hairs in batch 1, 2 and 3. 

Based on these in vitro observations it is very likely that an application of conditioner, left on 

the hair during the combing procedure, facilitates the removal of nits. The commercial nit 

removal products tested in the current study do not seem to have an additional effect. The 

addition of “active ingredients” such as formic acid or acetic acid is not beneficial and might 

even hamper the removal procedure.  

It is not quite clear if the different structure of Caucasian, African or Asian hair has an 

influence on the force needed to remove nits or of this affects the efficacy of nit removal 

products.  Furthermore, more research is needed to investigate the effect of pediculicides, 

products used to kill lice, on nit removal. These products might damage the nit, facilitating nit 

removal but might also damage the hair making it more difficult to remove nits. The effect of 

different ingredients in a conditioner also needs to be explored. 
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In the research described above, the efficacy of several products was determined by 

applying each product to individual hairs. The force to remove a nit was measured using a 

device which consisted of a metal cylinder attached to a force transducer. There are however 

some differences between this in vitro setting and clinical practice. Products are usually 

applied to the whole scalp and not to individual hairs, probably putting a different amount of 

product on each hair. Furthermore in daily practice a nit comb is used to remove nits, pulling 

at several nits at a time.  It is not known if the in vitro research is representative for the in vivo 

setting.  

This research suggests that the continuous application of an ordinary conditioner significantly 

enhances nit removal. Furthermore, it is a user friendly and non-toxic product, already 

commercial available. Clinical trials however are also needed to assess the effectiveness of 

the tested products in vivo. 
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Table 1: Basic characteristics of the hairs used.  

Applied products Distance of the 
eggshell from the 
proximal end of the 
hair 
(mean ± SEM) mm 

Length of the nit 
cylinder 
(mean ± SEM) µm 

Batch 1   

Untreated (n= 24) 51 ± 5 824 ± 59 

Shampoux Balm active (n= 23) 49 ± 6 761 ± 76 

Para balm (n= 24) 57 ± 7 888 ± 64 

Neetex (n= 24) 57 ± 6 812 ± 67 

Ordinary conditioner (n= 24) 66 ± 7 728 ± 65 

Batch 2   

Deionized water (n= 24) 61 ± 6 828 ± 86 

FA pH 2 (n= 24) 51 ± 8 757 ± 55 

FA pH 3 (n= 22) 50 ± 8 905 ± 89 

FA pH 4 (n= 24) 53 ± 6 794 ± 82 

FA pH 5 (n= 24) 61 ± 7 762 ± 59 

FA pH 6 (n= 24) 63 ± 7 826 ± 70 

Batch 3   

HPMC gel (n= 24) 52 ± 7 713 ± 48 

FA 4% in HPMC gel (n= 23) 51 ± 7 891 ± 86 

Batch 4   

Untreated (n= 25) 55 ± 8 787 ± 57 

Deionized water (n= 25) 52 ± 7 763 ± 56 

HPMC 1% gel (n= 25) 54 ± 8 816 ± 74 

HPMC 3% gel (n= 25) 55 ± 7 728 ± 51 

Ordinary conditioner, non rinsed (n= 25) 59 ± 9 802 ± 51 

Almond oil, rinsed (n= 25) 45 ± 5 832 ± 65 

Almond oil, non rinsed (n= 25) 66 ± 8 663 ± 49 

Batch 5   

Untreated (n= 25) 41 ± 5 848 ± 71 

Ordinary conditioner, rinsed (n= 25) 39 ± 5 861 ± 42 

Ordinary conditioner, non rinsed(n= 25) 43 ± 6 837 ± 49 

Commercial product, rinsed (n= 25) 35 ± 4 811 ± 39 

Commercial product, non rinsed (n= 29) 37 ± 5 819 ± 46 
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Figure 1: Plots of force development in function of time. A) Measurements in an untreated 

hair, B) Measurements in a hair treated for 10 min with ordinary conditioner, C) 

Measurements in a hair treated with ordinary conditioner without rinsing. 
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Figure 2: Basic characteristics of an eggshell attached to a human hair. 
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Fig. 3: Box plots of Fav in the different treatment groups. A) Different commercial nit removal 
products and ordinary conditioner, short application time. B) HPMC gel with and without FA. C) 
Solutions of FA with different pH. D) Almond oil long and short appplication time, pure HPMC gel in 
different consistency, ordinary conditioner long application time. E) Ordinary conditioner and 
commercial nit removal product in long and short application time. 
* SSD from untreated with P < 0.05. ** SSD from untreated with P < 0.001 
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Fig. 4: Box plots of Fmax in the different treatment groups. A) Different commercial nit removal 
products and ordinary conditioner, short application time. B) HPMC gel with and without FA. C) 
Solutions of FA with different pH. D) Almond oil long and short appplication time, pure HPMC gel in 
different consistency, ordinary conditioner long application time. E) Ordinary conditioner and 
commercial nit removal product in long and short application time. 
* SSD from untreated with P < 0.05. ** SSD from untreated with P < 0.001 
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Appendix I 

Composition of commercial nit removal products and ordinary conditioner. 

 

Kruidvat Balsem 

Aqua, Cetearyl Alcohol, Parfum, Glyceryl Stearate, Cetrimonium Chloride, Panthenol, 

Parafinn, Methylparaben, 2-Bromo-2-Nitropropane-1, 3-diol, Trithylene Glycol, 

Propylene Glycol, Benzyl Alcohol, Methylchloroisothiazolinone, Methylisothiazolinone, 

Magnesium Nitrate, Magnesium Chlorite, Niacinamide, Lactic Acis, Helantius Annuus.  

 

Para Balm 

Aqua, Quaternium 18, Acetic Acid, Cetyl Alcohol, Cyclomethicone, Sodium Acetate, 

Parfum, Methylparaben. 

 

Neetex 

Aqua, Cetearyl Alcohol, Paraffinum Liquidum, Ceteareth-20, Citric Acid, Acetic Acid, 

Cetrimonium Chloride, Isopropyl Alcohol, Phenoxyethanol, Methylparaben, 

Butylparaben, Ethylparaben, Propylparaben, Parfum. 

 

Shampoux Balm Activ 

Aqua, Alcohol denat, Quaternium-18, Stearamine oxide, Ceteareth-25, Parfum, 

Polyquaternium-37, Propylene glycol dicaprylate, Dicaprate, PPG-1 trideceth-26, 

Hibiscus Sabadariffa flower extract. 
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Summary 
A prospective survey on scabies in Ghent, Belgium was performed in 2004. Sixty-four 

individual cases were reported, corresponding to a crude incidence rate of 28 per 100.000 

inhabitants. The incidence was higher in the elderly (51 per 100.000 in persons over 75) and 

a higher incidence was also found in immigrants (88 per 100.000). More than 40 % of the 

registered scabies patients had symptoms for more than 4 weeks at the time of presentation. 

In 54% of the consultations, the patient had already consulted a physician for his/her skin 

problem. Of this group, 44% had not yet received any scabicidal treatment, indicating that 

scabies was not yet diagnosed or that an inappropriate treatment was prescribed. The 

observations suggest that the diagnosis and/or treatment of scabies in this region can still be 

improved. 
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SHORT REPORT 

Incidence of scabies in Belgium 

 

Scabies is an infectious skin disease caused by S. scabiei var. hominis. According to the 

WHO approximately 300 million persons per year develop scabies worldwide [1]. 

Some reports on the epidemiology of scabies are based on nationwide reporting systems [2-

5]. Other resources such as army databases [6, 7], sentinel practice networks [8, 9] or patient 

files [10-12] have also been used. Few countries have an obligatory reporting system. In 

Belgium, the reporting of scabies to the Health Inspection is mandatory since 1995. These 

data are published quarterly on the website of the Health inspection [13] and seem to 

suggest that there has been a resurgence of scabies in Belgium. The incidence has 

increased from125 individual cases (or a relative incidence of  2.1 per 100.000 inhabitants) in 

1995 to 449 cases (7.5 per 100.000) in 2001. Since then, the incidence has decreased again 

to 231 cases (3.8 per 100.000) in 2005. However, it is suspected that these data are 

incomplete because of underreporting by physicians to the Health Inspection.  

Insight in the epidemiological and clinical profile of scabies patients can be helpful to adapt 

the management of scabies to the current needs. The information in many of the 

epidemiological studies mentioned above is not applicable because these reports are often 

outdated [2, 10, 11, 14, 15] and/or based on a specific population [7]. The current survey 

presents data on the incidence of scabies and the socio-demographic and clinical profile of 

scabies patients in Ghent. This industrialized city in the northern part of Belgium has 229.377 

inhabitants of which 6.9% are of a non-Belgian origin [16]. Demographic characteristics, 

patient history and clinical information on all new scabies patients that consulted a physician 

in Ghent between January 1st 2004 and December 31st 2004 was collected by means of a 

prospective survey. The survey was conducted using a self developed questionnaire that 

contained questions about demographic characteristics (sex, age, nationality) and patient 

history (was the patient referred, since when did he have symptoms, had the patient already 

consulted another physician before). The physician was asked which elements were 

suggestive for the diagnosis of scabies in each patient (contact persons with scabies, 

nocturnal itch, family members or contacts with itch, scabies burrows, papules, erythema, 

flakes, crusts, scratch lesions, impetigo). Finally the survey contained questions about which 

treatment was prescribed and how many contacts of the index patient were treated. Approval 

for this project was obtained from the Ethics Committee of the Ghent University Hospital 

(2003/295). 

All dermatologists (n= 32), GP’s (n=344) and pediatricians (n=75) in Ghent were invited to 
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participate in this survey. The questionnaire and an accompanying letter were sent by mail in 

December 2003. The survey was also promoted during a local press conference in June 

2004. 

Eighteen different physicians returned sixty-nine completed forms, reporting 64 scabies 

patients. Twenty-four (38%) cases were registered by physicians working at the dermatology 

department of the University hospital, 27 (42%) cases by other dermatologists and the 

remaining 13 (20%) cases by GP’s. 

The recorded 64 cases correspond to a crude incidence rate of scabies in Ghent of 28 per 

100.000 inhabitants (95% CI 22/100.000 – 36/100.000). An equal number of men and 

women were reported. The highest incidence rates were found in children less than 5 years 

of age (5 cases corresponding to 50 per 100.000, 95% CI 22/100.000 – 116/100.000 ), in 

young adults between 15 and 24 (9 cases corresponding to 35 per 100.000, 95% CI 

19/100.000 – 67/100.000) and in the elderly (11 cases in persons over 75 corresponding to 

51 per 100.000, 95 % CI 29/100.000 – 91/100.000). (Table 1) 

Incidence rates were almost 4 times higher in immigrants (14 cases or 88 per 100.000, 95% 

CI 53/100.000 – 148/100.000) than in persons with a Belgian nationality (50 cases 

corresponding to 23 per 100.000,  95% CI 18/100.000 – 31/100.000) (P< 0.001, Fisher’s 

exact test). About 70% (95% CI 59% - 81%) of the reported scabies patients lived in a family, 

16% (95% CI 9% - 26%) lived alone and 14% (95% CI 8% -25%) was residing in different 

institutions.  

In 43% (95% CI 31% - 52%) of the consultations, the patient had symptoms since 1 to 4 

weeks. In 12% (95% CI 4% -20%) of the consultations, symptoms were present since 1 to 2 

months and in 31% (95% CI 20% - 42%) for more than 2 months. In 54% (95% CI  42% -

66%) of the consultations, the patient had already consulted a physician for their skin 

problem. Of this group, 36% (95% CI 20% - 52%) (or 19% of the total group) had received a 

scabicide treatment and 44% (95% CI 22% - 56%) (or 25% of the total group) had received 

another type of treatment.  

Nocturnal itching was the most frequently cited element in the patient history and was 

present in 87 % (95% CI 79% - 95%) of the patients. In 27% (95% CI 16% - 38%) of the 

cases scabies was diagnosed in contact persons of the patients and in 48% (95% CI 36% - 

60%) itching was present in household members or other contactpersons. 

Scratch lesions were the most frequent clinical finding (in 72%, 95% CI 61% - 83%). 

Burrows, erythema, papules and scaling were present in respectively 66% (95% CI 55% - 

77%), 64% (95% CI 53% - 75%), 67% (95% CI 56% - 78%) and 61% (95% CI 49% - 73%) of 

the patients.  

Skin scrapings were performed in 64% (95% CI 53% - 75%) of the patients and 

demonstrated mites, eggs or scybala in 70% (95% CI 56% - 84%). Permethrin cream was 
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prescribed for 53 patients. Six patients received ivermectin (in two cases combined with 

permethrin cream) and one patient benzyl benzoate emulsion. The treatment was not 

specified in 7 subjects. 

 

This survey was performed using a self-developed questionnaire sent by mail. Several forms 

of bias could have an influence on the results of this type of survey and need to be taken into 

account. For instance, longstanding, “difficult” cases may be overrepresented because 38% 

of all cases were recorded at the University Hospital, leading to a referral bias. On the other 

hand, patients with difficulties to access health care might be underrepresented causing a 

diagnostic access bias. A spectrum bias is possible if only clear, definite cases of scabies 

were reported [17]. 

In 2004 we received information from 64 individual patients. During the same period, 39 

scabies patients in this region were reported to the Health Inspection. These results suggest 

a possible under-registration by the Health Inspection. In a recent survey of knowledge and 

management of scabies in Belgium, respectively 40% and 55% of the participating 

dermatologists and GP’s admitted they rarely or never reported a patient with scabies to the 

Health Inspection [18]. Perhaps the obligation to report scabies is not sufficiently known or 

physicians might not value the notification of a disease which is not life threatening [19].  

Even though a higher number of cases were reported in the current survey, the actual 

incidence could still be higher. Low response rates to physician surveys are common and 

might lead to a response bias if the characteristics of the reported patients differ from those 

that were not reported [20].  

The completeness of registration can be assessed by comparing the collected data to other 

registries such as pathology reports, patient records, laboratories for clinical biology, 

morbidity databases, information from sentinel practice networks or sales figures of disease 

specific medication. However, biopsies are seldom taken if scabies is suspected and this 

diagnosis is not recorded in sentinel practice networks in Belgium. Samples are not sent to 

laboratories for clinical biology and the standard treatment for scabies, permethrin cream, is 

not only prescribed for scabies patients but also to treat asymptomatic contactpersons.  

In this survey no difference in incidence of scabies was found between men and women. 

Reports on sex differences in the incidence or prevalence of scabies are inconsistent [14].  

Some authors observed that scabies occurs equally in men and women [2, 4] while others 

reported a higher incidence in men [11, 12] or in women [8-10]. 

The incidence of scabies in this region is comparable to crude incidence rates reported in 

Poland but is much lower than the incidence in the UK which was 233/100000 in 2003 [4, 8]. 

The age distribution for scabies in Ghent is similar to that observed in the UK where there is 

also a peak in children under 5 and young adults between 15 and 24 [8]. These incidence 
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rates are however difficult to compare because they are crude rates, not adjusted for age 

distribution and demographic profile of the populations. 

We observed a remarkable high incidence in persons over 65 which is in contrast to the 

lower incidence usually found in the elderly [2, 4, 9, 12]. In a recent survey in the UK an 

increase in persons over 75 compared to persons between 65 and 74 was observed [8]. 

Older persons frequently require ambulant health care and are more often hospitalized or 

residing in institutions. Their multiple intense contacts with health care workers and fellow 

residents could predispose them to a higher risk of infection. Elderly patients with scabies 

require extra attention because they often have an atypical presentation and are at a higher 

risk of developing crusted scabies [21]. 

The incidence was almost four times higher in immigrants than in native Belgians. Nationality 

could be an indicator of socio-economic status or living conditions with a non-Belgian 

nationality reflecting a lower status or worse living conditions. Studies in Poland have shown 

a higher incidence of scabies in areas with a high level of unemployment and worse sanitary 

conditions [3, 4]. In a study in Italy the incidence of skin diseases in immigrants between 20 

and 29 years of age was compared to the incidence in matched natives. The incidence of 

scabies was four times higher in immigrants than in native Italians. However, there was no 

difference when only the subpopulation of employed persons was analyzed. The level of 

unemployment was much higher in immigrants than in natives. This study illustrates that not 

nationality by itself but the associated different socio-economic status can contribute to the 

risk of getting scabies [22]. Another contributing factor could be a language barrier causing 

difficulties to access health care services [23, 24]. 

In 25% of the consultations, patients had already consulted a physician for their skin problem 

but were not yet treated with a scabicide, suggesting that the diagnosis of scabies was not 

yet established or that the patient was ineffectively treated. A recent survey on knowledge 

and management of scabies in the region showed that knowledge of GP’s and 

dermatologists was of an acceptable level [18].  However, the performance status of the 

participating physicians could have been biased with an over-representation of physicians 

who are interested in scabies. On the other hand, it is also possible that physicians do have 

sufficient basic knowledge but that they have difficulties to put their knowledge into practice. 

The current survey is perhaps a more realistic reflection of daily practice. 

Skin scrapings were performed in 2 out of 3 consultations and were positive in only 70%. 

This diagnostic procedure is currently considered the gold standard for the diagnosis of 

scabies but has low sensitivity. Epiluminiscence microscopy has been advocated as a 

diagnostic aid [25]. The sensitivity of this technique also depends on the skills of the 

observer. Recently an ELISA has been developed to detect anti-bodies to the mite in the 

serum of scabies patients but the performance of this test was disappointing [26]. There is a 
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high need for diagnostic tests with a high performance because delay in diagnosis has been 

identified as a factor contributing to the development of epidemics [21]. 

The current survey suggests that there is still room to improve diagnosis and adequate 

treatment of scabies. In the management of scabies, extra attention should go out to 

vulnerable groups, especially immigrants, children and the elderly.  
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Figure 1: Reported cases of scabies in Ghent in 2004 and crude incidence rates. (n = 63). 

Age category Number of cases Crude incidence rate per 

100.000 inhabitants 

< 4 years 5 50 

5 – 14 years 5 21 

15 – 24 years 9 35 

25 – 34 years 6 16 

35 – 44 years 8 24 

45 – 54 years 9 30 

55 – 64 years 4 17 

65 – 74 years 6 27 

> 75 years 11 51 

Total 63 28 
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• De huidige aanpak van scabies. Hilde Lapeere, Jozef De Weert, J.-M. Naeyaert. 

Psychiatrie en Verpleging. 2004;2:115-20. 

• Hilde Lapeere, Mieke Van Driel. Hoofdluizen mechanisch of chemisch bestrijden? 
Minerva 2006;5(4):61-63. 

• Scabies terug van weg geweest? Jozef De Weert, Hilde Lapeere. Tijdschrift voor 

Geneeskunde 59(8):553-4. (Belgian journal) 
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Oral presentations 

• Schurft in rust- en verzorgingstehuizen. Farmacotherapeutisch bijblijven. UZ Gent 17 mei 

2006. 

• Skin infestations: Pediculosis capitis and scabies. Lecture at the Summer School 

Microbiology, fostered by the EADV. July 21st 2005, Vienna, Austria. 

• Cutaneous angiosarcoma of head and scalp. Hilde Lapeere, Lieve Brochez, Katrien 

Vossaert, Jean-Marie Naeyaert. Royal Belgian Society of Dermatology & Venereology, 

March 13th 2004, Brugge. 

• Pseudolymphoma after bites of Hirudo Medicinalis. Postgraduate course for 

dermatologists of Antwerp, Ghent & Leuven. February 15th 2004, Ghent. 

• Current treatment options for head lice. Hilde Lapeere, Filip Meersschaut. Postgraduate 

course for Pharmacists in Ghent, January 15th 2004. 

• Current insights in the treatment of scabies. Postgraduate course for dermatologist of 

Antwerp, Ghent & Leuven, February 6th 2003, Ghent. 

 

Poster presentations 

• Epidemiology of head lice and sales of pediculicides. Vander Stichele RH, Lapeere H. 

Euro Durg 2005 Ulster Meeting 29 juni – 2 juli 2005. 

• Method to measure force required to remove Pediculus humanus capitis (Phthiraptera: 

Pediculidae) eggs form human hair. Hilde Lapeere, Lieve Brochez, Yves Vander 

Haeghen, Cyriel Mabilde, Robert Vander Stichele, Luc Leybaert, Jean-Marie Naeyaert. 

Wetenschapsdag UZ Gent, 27 januari 2005. 

 

Grants & Prizes 
• Roche Dermatology Prize “Fundamental Research Award 2006”. 

• La Roche – Posay prize 2005 for the compensation of scientific research that has 

recently been published. This award was granted for the paper: “Method to measure 

force required to remove Pediculus humanus capitis (Phthiraptera: Pediculidae) eggs 

form human hair.”  

• BOF mandate at the Ghent University 2002-2006 for scientific research in function of the 

PhD project “Development of an evidence-based management of pediculosis capitis and 

scabies”. 
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Dankwoord
 

Na een goede vier jaar is dit doctoraatsonderzoek afgelopen. Het onderzoek dat in 

deze thesis beschreven werd zou niet tot stand gekomen zijn zonder de hulp en 

aanmoediging van vele mensen. Nu is eindelijk het moment aangebroken voor een 

welgemeend woordje van dank. 

 

Eerst en vooral wil ik mijn promotor en copromotor bedanken. Prof. Naeyaert, u hebt 

gezorgd voor de nodige faciliteiten om dit onderzoek tot een goed einde te kunnen 

brengen. Uw vertrouwen in dit onderzoek en in mijn capaciteiten hebben mij de 

nodige ruggesteun gegeven. Prof. De Maeseneer, uw enthousiasme, verfrissende 

ideeën en welgemeende interesse gaven mij telkens een nieuwe stimulans. 

De leden van de examencommissie wil ik bedanken voor de interesse waarmee zij 

dit werk gelezen hebben en de nuttige suggesties die zij gegeven hebben tijdens het 

afronden van deze thesis. 

 

Ik wil in het bijzonder Prof. Dr. Robert Vander Stichele en Prof Dr. Lieve Brochez 

bedanken voor hun steun en begeleiding bij het oplossen van de vele, dagdagelijkse 

problemen en kleine crisissen. Bob, je hebt me geleerd om kritisch te kijken naar de 

geleverde resultaten en om het altijd nog iets beter te doen. Lieve, je hebt me heel 

wat praktisch tips gegeven, van het plannen van een nieuw onderzoeksproject tot het 

schrijven van een manuscript. Maar vooral je bemoedigende woorden als het wat 

moeilijk ging hebben me dikwijls gesteund. 

 

Ik heb het genoegen gehad om tijdens de verschillende onderzoeksprojecten met 

heel wat mensen uit verschillende disciplines samen te werken. Dankzij het team van 

prof. Dr. Luc Leybaert kon het onderzoek naar de neten uitgevoerd worden. Prof. dr. 

Dirk Debacquer heeft voor verschillende projecten het nodige advies rond statistische 

verwerking gegeven. Sara, het was zeer aangenaam om met jou samen te werken 

aan het manuscript rond de grote luizenscreening. Met Fien en Filip ben ik aan de 

lange weg begonnen die moet leiden tot een aanbeveling. Dankzij hun enthousiasme 

is gans het proces toch net iets minder frustrerend. 

Daarnaast hebben heel wat patiënten, kinderen, scholen, CLB’s en artsen zich 

belangeloos ingezet om de vele projecten tot een goed einde te brengen, waarvoor 

mijn oprechte dank. 
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Ik wil ook iedereen van de poli dermatologie bedanken. Jullie zorgen voor een 

aangename werkomgeving waar je de nodige steun vindt. In het bijzondere wil ik mijn 

collega doctoraatsstudent dr Barbara Boone bedanken. Barbara, van jou heb ik 

geleerd dat alles net iets vlotter gaat als je wat opruimt, klasseert en organiseert. Met 

je luisterend oor en je medeleven, heb je me meer gesteund dan je denkt. 

 

Ik wil van de gelegenheid gebruik maken om ook mijn ouders te bedanken. Ik besef 

dat ik dit alles niet zou bereikt hebben dankzij hun jarenlange steun en 

aanmoediging. Zij hebben stevige fundamenten gelegd waar ik mocht op verder 

bouwen. 

 

Tot slot wil ik mijn echtgenoot Bert bedanken. Lieveke, jij hebt me gesteund op alle 

mogelijke vlakken, van praktische dingen zoals het maken van illustraties tot een 

troostende schouder als het allemaal niet meer ging. Jij hebt me gemotiveerd om 

door te bijten en dit werk tot een goed einde te brengen. Vanaf morgen begint een 

nieuw leven waarin we het weekend niet meer systematisch achter de PC zullen 

doorbrengen… 
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