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Abstract 

Fleas are the most abundant and clinically important ectoparasite infesting domestic cats and dogs. 

In addition to the irritation, blood loss and transmission of infectious disease associated with 

biting, blood-feeding may trigger a severe allergic dermatitis in sensitised hosts.  Here, the spatial 

pattern of flea infestation risk across Great Britain is considered using data collected from a 

national survey undertaken in 2018, with particular attention given to the effects of insecticide use 

on infestation risk. The data show a statistically significant geographical pattern, with flea 

infestation risk declining from south to north. None of the factors: pet breed, sex, neutered status, 

or outdoor access, showed any relationship with the underlying geographic distribution of flea 

infestation which therefore is most likely to be associated with climatic factors. However, overall, 

only 23.6% of the cats and 35% of the dogs inspected had been treated with identifiable flea 

products that were still ‘in date’ at the point of inspection. The percentage of owners treating their 

pet broadly followed that of infestation risk.  The insecticide Fipronil, a common active in a wide 

range of flea treatments, was the commonest insecticide class applied to cats. However, 62% of 

cats and 45% of dogs that had been treated with a fipronil-based product that was in-date at the 

point of inspection still had fleas. Persistent flea infestation is likely to be due to a range of factors, 

including compliance and application failure, but the data presented here provide strong inferential 

evidence for a lack of efficacy of fipronil-based products indicating a need to monitor emerging 

resistance to on-host flea treatments. Given the ubiquity of flea infestation, this finding and the 

relatively low-level treatment compliance, highlight a clear need for greater owner education about 

the importance of flea management and the efficacy of different product types.
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–  CHAPTER ONE – 

Fleas: Their biology and veterinary importance  

 

 

1.0 Introduction  

Fleas are the most abundant and clinically significant ectoparasite seen in domestic cats and dogs 

worldwide (Kristensen et al., 1978; Rust and Dryden 1997).  In addition to the irritation, blood 

loss and transmission of infectious disease associated with biting, blood-feeding may trigger a 

severe allergic dermatitis in sensitised hosts.  Flea allergic dermatitis is one of the most important 

dermatological conditions seen in small animal veterinary practice (Hill et al., 2006).  In addition 

to their clinical importance, fleas are of concern because they can be vectors of zoonotic 

pathogens, such as Bartonella and Rickettsia felis (Abdullah et al., 2020). 

In a recent study in the United Kingdom a range of fleas were recovered from cats and 

dogs including Ctenocephalides canis (dog fleas), Spilopsyllus cuniculi (rabbit fleas), Archaeopsylla erinaceid 

(hedgehog fleas) and Ceratophyllus spp. But by far, the most prevalent of these was the cat flea, 

Ctenocephalides felis, constituting 92% and 90% of the fleas infesting cats and dogs, respectively 

(Abdullah et al., 2019). Within C. felis there are four recognised subspecies primarily parasitizing 

domestic and feral carnivores. The first three subspecies are limited geographically, C. f. strongylus 

and C. f. damarensis are located in various locations within the East African Subregion and C. f. 

orientis is found from India to Australia; C. f. felis is not restrained geographically, showing a 

worldwide distribution (Lewis, 1972). This thesis will focus specifically on the biology of the cat 

flea, Ctenocephalides felis felis. 

 

1.1 Flea Classification  

Fleas form the order Siphonaptera. The holometabolous insects found within this order are both 

bilaterally compressed and apterous. Before the advent of molecular phylogenetics, the 

understanding of the taxonomic status of the order Siphonaptera was somewhat vague. The fossil 

record primarily produced morphological-based studies on Baltic and Dominican amber, which 

can be difficult to date (Poinar, 1995; Poinar, 2015). A more recent molecular study has suggested 

that a common ancestor to extant Siphonaptera diversified within the cretaceous period (Zhu et 

al., 2015). Within the order Siphonaptera there are currently 16 families described with over 2500 

species and subspecies (Lewis, 1998). It is believed that fleas first arose with promiscuous 
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relationships to their mammalian hosts, only later developing host specificity amongst mammalian, 

rodent, avian and metatherian hosts (Whiting et al., 2008). The shift to birds is thought to have 

occurred a minimum of four times independently, although only 6% of flea species are parasitic 

towards birds, leaving mammals remaining the primary host class (Whiting et al., 2008).  

Within Ctenocephalides felis there are four recognised subspecies primarily parasitizing 

domestic and feral carnivores. The first three subspecies are limited geographically, C. f. strongylus 

and C. f. damarensis are located in various locations within the East African Subregion and C. f. 

orientis is found from India to Australia; C. f. felis is not restrained geographically, cultivating 

worldwide distribution (Lewis, 1972).  

 

1.2 The Flea Life-Cycle  

The flea’s developmental cycle is split into four stages: the egg, larva, pupa and adult. At 

32 ºC, the developmental cycle from egg to adult will take up to 22 days but this period is extended 

when at lower temperatures (Silverman et al., 1981). Throughout all developmental stages fleas are 

highly susceptible to extremes of temperature and humidity. This is particularly the case in pre-

adult stages since these occur off-host. The ambient temperature must remain within a range of 

13 ºC-32 ºC in order for the life cycle to progress, however 27 ºC-32 ºC and 75-92% RH (relative 

humidity are the optimal conditions for C. felis development (Silverman et al., 1981). In less 

favourable conditions, the time taken to progress to the next stage is extended. Understanding the 

susceptibilities of each developmental stage is important to helping to explain flea distributions 

and the impact of different control measures.  

 

1.2.1 Eggs  

Female fleas lay their eggs in the fur of the hosts after mating and taking a bloodmeal. 

Female C. felis can produce around 40 to 50 eggs per day and have been shown to produce as many 

as 1745 eggs within 50 days (Dryden, 1989).  On average, however, 23.96 ± 0.83 eggs were found 

to be produced in a day by one female flea by Kern et al. (1992). However, the number produced 

per day is likely to decline with age. The oval-shaped eggs are visible to the naked eye with a length 

of 0.5mm and progress in colour from transparent to white, later becoming darker. The initially 

wet chorion of the eggs means that the eggs sit within the host’s fur as they dry out and drop off. 

It takes typically takes 2 h for 60% of the eggs to drop out from the pelage and off of the host 

(Rust, 1992). Egg deposition has been shown comparatively higher at night and during periods 

when cats would normally rest (Kern et al., 1992). The resulting aggregated distribution of fleas 

around host resting sites is also seen in dogs (Robinson, 1995). The eggs fall into the resting place 
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of their host which is beneficial for it provides a safe microclimate for the newly hatched larvae 

and situates them in a nutrient rich space, receiving the faecal blood produced by the adult fleas. 

Rust (1992) regards this as a possible explanation of the aggregated flea distribution throughout 

households in typical pet resting areas. The incubation period of the eggs is influenced by both 

temperature and relative humidity. The incubation period has been shown to increase from 1.5 to 

6 days as the temperature is decreased from 32ºC to 13ºC (Silverman et al., 1981). Eggs are unable 

to survive at relative humilities below 50% (Silverman et al., 1981).   

 

1.2.2 Larvae  

The first-stage larvae of C. felis are 2-5mm long with no legs, a head, thorax and abdomen, 

the latter two with three and ten segments, respectively. During this developmental stage the flea 

will undergo two moults. Studies have suggested that survival is maximised if the larval diet 

contains non-viable eggs and adult flea faeces, the latter being essential (Hsu et al., 2002). The 

presence of non-viable eggs in the diet was shown to increase the developmental rate (Hsu et al., 

2002). The first and second stage larvae show restricted movement, resulting in a similar 

distribution to that of the eggs (Robinson, 1995). While there is little lateral movement of the 

larvae within their habitat, they do move vertically downwards as a result of both negative 

phototaxis and positive geotaxis. Once they have migrated down, larvae spend less than 20% of 

their time away from the substratum base, often the carpet in a domestic environment (Byron, 

1987).  

Larvae mitigate the damaging effects of unfavourable environments by orienting towards 

moisture (Byron, 1987). A minimum of 50% relative humidity is necessary for the survival of larvae 

(Krasnov et al., 2001). At a constant temperature of 27 ºC, increasing the relative humidity from 

50% to 90% halves the larval development time from 10 to 5 days (Silverman et al., 1981). The 

upper temperature boundary for larval survival at 75% relative humidity is 35 ºC. However, under 

these conditions only 30% survival is observed, and the resulting cocoons remained unhatched. 

Temperatures below 13 ºC are lethal to larvae (Silverman et al., 1981). Higher temperatures also 

decrease the time period over which larvae can withstand exposure to relative humidities below 

50%. (Silverman and Rust, 1983). The larval developmental stage can take between 5 and 10 days 

depending on temperature, relative humidity and food availability (Silverman et al., 1981). Outdoor 

habitats meeting these requirements might be created under dense shrubbery or maintained within 

soils, both of which are likely receive eggs as they drop from the host (Silverman and Rust, 1983).  
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1.2.3 Pupae 

Pupariation is initiated by a drop in juvenile insect hormone and can be split into three 

distinct stages: the u-shaped larval prepupa, the true exarate pupa and the pre-emerged (pharate) 

adult. Third stage larvae initiate pupariation after expelling their gut contents and finding an 

undisturbed location suitable for spinning their cocoon (Miller et al., 1999). Fleas are able to 

undergo the pupation stage with or without a cocoon; the latter, though less common, is the result 

of a lack of structures to orient against, such as carpet fibres, or the abandonment of a primary 

cocoon following agitation (Dryden and Smith, 1994). Larvae enclose themselves in a silk-like 

material over an average period of 6.7 hours, during which, larval movement is limited, and a 

cocoon is formed (Dryden and Smith, 1994). After about 18 hours pupation begins as the larva 

curl into a v or u shape (Dryden and Smith, 1994). Females take less time to pupate than males, 

with the transition taking place over, on average, 31.5 and 43.6 hours, respectively (Dryden and 

Smith, 1994). During this time, before adult emergence the pupae’s cuticles darkens.  

The time taken to complete pupation, and for the adult fleas to emerge from their cocoons, 

is dependent on a number of factors. The first factor influencing the emergence of adults is sex: 

males require approximately 20% longer to reach adult emergence (Metzger and Rust, 1997). 

Pupation requires 7.3 and 8.9 days for females and males, respectively at 27 °C (Dryden and Smith, 

1994). 

The rate of completion of pupation increases as the environmental temperature is 

increased towards the optimal temperature of 32 ºC. It has been suggested that males may be less 

tolerant of variations in the external environment at this stage: at 26.7ºC and 21.1ºC females were 

seen emerging 2 to 5 days prior to their males and at a lower temperature of 15.5 ºC early 

emergence began 9 days prior to the males (Metzger and Rust, 1997). 

Within the cocoon and puparial cuticle, pupae are more protected against unfavourable 

conditions than larvae. 50% survival has been recorded with pupae exposed to only 2% RH and 

pupal development will continue throughout the temperature range of 13ºC< and <35ºC 

(Silverman et al. 1981). Adult emergence is highly dependent on surrounding temperature, in 

favourable conditions (32 ºC), 60% of adults emerge within a week and the remaining emerge 

within 4 weeks. At a temperature of 11 ºC emergence was found to be prolonged over a period of 

up to 20 weeks (Silverman and Rust, 1985).  

Once pupation is complete, however, the adult flea can remain within the pupal cocoon 

until stimulated to emerge; this is the so-called ‘pharate adult’ stage. Emergence of the pharate 

adult is triggered by cues such as vibration, sudden increases in temperature and CO2 (Silverman 

and Rust, 1985). This lifecycle stage is also key to the persistent survival of the flea, since it is able 
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to survive a prolonged period in this condition. The period of quiescence allows the flea to 

overcome periods of unfavourable climate and low host availability. The significantly lowered 

metabolic activity of the pre-emerged adult C. felis, compared with emerged adults, aids in water 

retention. Emergence takes place on average 10.3 and 25.5 days sooner at 91% RH than at 71% 

and 52% RH, respectively (Silverman and Rust, 1985). The time for which this stage can be 

sustained is dependent on how well-fed the larvae were as they entered pupation. Undernourished 

larvae are able to prolong this pre-emergence stage for <8 days whereas the adults from well-fed 

larvae may remain quiescent for up to 50 days (Silverman and Rust, 1985).   

 

1.2.4 Adults 

Adult fleas emerge after pupation morphologically adapted to ectoparasitic life on a host. 

Their bilaterally compressed bodies allow for easy movement amongst host hairs. Likewise, their 

highly sclerotized bodies help to protect against damage done by the host’s claws and teeth, and 

against impact after jumping. Fleas have three pairs of legs, which further facilitate on-host 

movement with backward-facing spines. The hind legs are particularly anatomically equipped for 

jumping with a resilin plural-arch energy storage mechanism within the thorax, derived from the 

wing hinge mechanism of a pterygote ancestor (Bennet-Clark and Lucey, 1967). The flea jump is 

vital for capturing and moving between hosts: it is highly species specific and strongly related to 

host specificity. In C. felis a single jump can be up to 30 cm in length (Bitam et al., 2010). Adult 

fleas do not have compound eyes, but rather ocelli. Mouthparts are specialised for piercing the 

host’s skin and taking a bloodmeal; this is achieved primarily by well-developed maxillary palps 

and the epipharynx. The head also hosts the antennae which are based in lateral grooves; the male’s 

antennae allow support for the female during copulation (Bitam et al., 2010). The abdomen of the 

flea consists of 10 segments. With the additional help of sensilla located on the abdomen, fleas are 

capable of detecting air movements and temperature change, enabling them to react to host stimuli 

or initiate an escape response.  

Newly emerged adult fleas need to find a host quickly in order to feed and mate and for 

females to mature their eggs and start to oviposit. Adult fleas become increasingly more responsive 

to host stimuli, such as thermal and visual cues, as time increases post-emergence. It is thought 

that this may allow more time for the maturation of the female reproductive system in a habitat 

with lower mortality risk from host grooming behaviours (Osbrink and Rust, 1985). The key 

stimuli alerting fleas to the presence of a host are warmth, CO2, air movements and light (a target) 

and result in orientation and jumping behaviour (Benton and Lee, 1965; Osbrink and Rust, 1985). 
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Once on the host, cat fleas are capable of remaining on their hosts for up to 50 days and 

in general do not move off their host (Dryden, 1989). Cat fleas tend to be found in the highest 

densities around the host’s neck (Hsu et al., 2002). Host grooming poses a substantial mortality 

risk to fleas. Up to 47% were shown to be ingested by host grooming 7 days after being introduced 

onto cats, according to a study conducted by Rust (1994). Adult fleas of both sexes will jump to 

new hosts, providing opportunity for novel infestation, however, male cat fleas are significantly 

more likely to move between hosts than females (Rust, 1994). Even without a host, adult fleas are 

much more resilient than eggs, larvae and pupae as they are capable of surviving short exposures 

to 3ºC and -1ºC and can endure these temperatures for up to 10 and 5 days, respectively (Silverman 

and Rust, 1983).   

Male cat fleas need to take a blood meal before they are capable of mating with females. 

Females will mate prior to feeding but have increased likelihood of copulation after a bloodmeal 

(Hsu and Wu, 2001). A reproducing female will consume up to 13.6𝜇l (±2.7 𝜇l) of host blood per 

day (Dryden and Gaafar, 1991). Blood-feeding takes place through a puncture in the host’s skin 

created by the mouthparts. After one hour, 97.2% of fleas introduced onto a host will have become 

engorged, and 24.9% will have reached this state within as little as 5 minutes (Cadiergues et al., 

2000). On average, female C. felis takes 25 minutes 2 seconds (± 18 mins 12 seconds) to complete 

a blood meal, which is significantly longer than males, which hake an average of 11 minutes (± 8 

mins) (Cadiergues et al., 2000). 

Mating between males and females only takes place on the host. Insemination requires 

exposure of males to juvenile hormone III. Sperm transfer speed down the through the epididymis 

triples at host body temperature of 37 ºC, compared with 25 ºC (Dean and Meola, 2002). 

Continuous blood-feeding by males greatly increases insemination rates (Dean and Meola, 2002). 

Egg production peaks around 4 days after a female flea infests a host; from then egg production 

subsequently declines (Osbrink and Rust, 1984). Photoperiod has no effect on egg production, 

suggesting it is not dictated by seasonality (Metzger and Rust, 1996).  

 

1.3 Seasonality of infestation  
Given that flea survival and development rates are highly dependent on climactic 

conditions, as discussed, as expected flea abundance is strongly seasonal. An 8 year-long study of 

domestic dogs in Georgia, USA between 1996 to 2004 allowed seasonality to be explored. Each 

year the abundance of both C. felis and C. canis notably peaked in late summer/early autumn, 

however, this pattern was not analysed statistically (Durden et al., 2005). A large study, between 

2003 and 2004, based in three areas of Germany, recruited 1,922 dogs and 1,838 cats from a total 
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of 12 veterinary practices. The infestation rates were highest for dogs during the months of July 

to October (peaking at 9.9 %) and for cats were highest between July and September (peaking at 

23.86%). Lowest infestations were found November to May (falling to 1.28%) and November to 

April (falling to 7.26%), respectively. However, seasonal difference in prevalence was not found 

between spring, summer, autumn and winter (Beck et al., 2006). A significant positive correlation 

with temperature was observed on Mexican domestic dogs during the winter months only 

(Hernández-Valdivia et al., 2011). The lack of a clear significant trend complies with Beck et al. 

(2006). In a study in Hungary, Farkas et al. (2009) noted a significant difference in prevalence 

between seasons with autumn and summer being statistically higher than spring and winter on 

both cats and dogs. It was suggested that this seasonal relationship is likely to be more apparent 

in temperate climates when winter conditions do not permit outdoor survival. Accordingly, no 

seasonal differences were seen in a study in Mexico, where climate supports development year-

round (Cruz-Vazquez et al., 2001). In northern Italy, fleas persisted year-round but were generally 

more prevalent during the summer months from June to October, the peaks of infestation 

coinciding with higher temperatures (Rinaldi et al., 2007). Of particular interest is a study 

undertaken in Spain where significant seasonality was found for C. canis and P. irritans, with higher 

infestation rates in summer months. However, C. felis, showed no such trend and this was 

attributed to the ability of the species to avoid the constraints of outdoor climates by undergoing 

its lifecycle indoors, under much more stable conditions year-round (Gracia et al., 2008). This was 

attributed to the use of central heating and air conditioning.  

As of yet, there have been no large-scale studies examining the seasonality in fleas in the 

UK. However, a study in Leicester (Clark, 1999) noted year-round activity, and suggested that this 

was due to the use of central heating over the winter months. The fact that fleas persist year-round 

is of importance when considering its clinical impact and underlines the importance of the 

household environment in the completion of the developmental cycle year-round, particularly in 

maintaining populations during harsher winter months. 

 

1.4 Urban versus Rural Areas 

A small number of studies have considered the effects of living in urban or rural areas on 

both flea infestation rates and the relative species abundance. The available literature is relatively 

contradictory. No statistically significant difference in flea infestation between rural and urban 

dwellings was reported in a study undertaken in Germany (Beck et al., 2006). In contrast, a study 

conducted in Spain noted rural dogs had significantly higher instances of infestation by C. canis 

and P. irritans, and higher flea numbers overall, compared with urban dogs. This difference was 
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not evident for C. felis. This was considered to be due to the ability of C. felis to survive well in both 

indoor and outdoor conditions, whereas C. canis is primarily adapted to living on wild carnivores 

(Gracia et al., 2008). Significantly higher instances of infestation by C. felis, C. canis and P. irritans 

were recorded on dogs on farms as opposed to dogs living in houses or apartments (Gracia et al., 

2008). No significant differences in species abundance between urban and rural infestation rates 

were observed in Ireland (Wall et al., 1997). Significantly lower rates of infestation in urban areas 

compared to rural areas were observed in Hungary for both cats and dogs (Farkas et al., 2009). 

Differences were considered to be due to socio-economic factors and animal purpose, possibly 

influencing the use of anti-flea products (Farkas et al., 2009).  Higher numbers of fleas on farm-

based animals has also been attributed to the higher host availability in these environments and 

even the presence of ruminant manure that could provide appropriate environments for flea 

development in terms of warmth and humidity (Gracia et al., 2008). The increased likelihood of 

exposure to wildlife hosts in a farm environment may also aid the maintenance of high flea 

populations.  

 

1.5 Host-Dependant Factors  

There are a number of ways in which studies have considered investigating the importance 

of host-related factors that might be important in determining infestation rates. The first approach 

has used animals brought into veterinary practices which, in most cases, has allowed for the owner 

to provide information on the pet and its infestation and treatment histories (Bond et al., 2007; 

Gracia et al., 2008; Rinaldi et al., 2007; Farkas et al. 2009; Xhaxhiu et al., 2009; Mosallanejad et al., 

2012). The second approach involves surveying stray animals housed in rescue centres (Chee et 

al., 2008; Hernandez-Valdivia et al., 2011), which is less informative regarding clinical history of 

the animal, but can provide information on factors including sex, age and breed.  

Three studies have looked at the possible effects of host age, all with conflicting results. 

The age of companion dogs was not found to have an effect on flea infestation rates in the Ahvaz 

district of South-West Iran (Mosallanejad et al., 2012). However, a study in Albania reported that 

dogs over the age of 6 months had significantly more cases of infestation with C. canis although 

not significantly higher infestation rates with any other species of flea (Xhaxhiu et al., 2009). This 

may have been due to increased opportunities for dog/wildlife interactions in this habitat, since 

canid wildlife a known reservoir for C. canis (Dobler and Pfeffer, 2011) and exposure to these hosts 

is likely to be low in the first months of life. Xhaxhiu et al. (2009) also reported that the intensity 

of the infection increased with age, with higher numbers of fleas taken from older pets. A further 

report of a higher prevalence on dogs in their first year of life was very small-scale and included 
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other ectoparasites as well as fleas so limited confidence can be placed in this observation (Chee 

et al., 2008). Certainly, the relationship between host age and flea prevalence is unclear and so 

would merit further investigation. 

As with age, the effect of the sex of the host is not vastly studied. With the exception of a 

study on stray dogs in Mexico where is was more common for males to have fleas (Hernandes-

Valdivia et al., 2011), there has been little analysis of the impact sex on the infestation of cats or 

dogs (Xhaxhiu et al., 2009; Mosallanejad et al., 2012).  Other factors that have been considered 

include dog breeds (Mosallanejad et al., 2012) and hair length (Hernández-Valdivia et al., 2011), 

neither of which were shown to be significant predictors of flea infestation rates. However, in a 

study where dogs were grouped by their use, the infestation rate decreased: stray>hunting 

>guard> companion (Rinaldi et al., 2007). However, stray dogs in the Republic of South Korea, 

exceeding 3 kg in weight, were less likely to have fleas (Chee et al., 2008).  It is possible however 

that animal behaviour has a greater impact on the infestation rate than physical characteristics – 

particularly the effect of pet behaviour, namely their access to outdoors and hunting in the case of 

cats. Dogs leaving their homes regularly were significantly more likely to be parasitized by P. 

irritans, but no such trend was seen in dogs in other flea species according to Rinaldi et al. (2007). 

This is perhaps due to C. felis, by far the most prevalent species reported in the study, being less 

able to complete its lifecycle outdoors. However, cats were significantly less likely to have fleas if 

they remained indoors rather than if they were allowed full or partial outdoor access (Rinaldi et al., 

2007).  As with previous factors, high degrees of variability between studies lead to very different 

results, probably reflecting local circumstances.   

In contrast, one factor where greater consistency is evident is the effect of solitary versus 

multi-pet households. Fleas were significantly more prevalent in cats from multi-cat households 

than solitary cats in Hungary (Farkas et al., 2009). A similar relationship was found in the United 

Kingdom where having an additional cat present in the household significantly raised the risk of 

flea infection (Bond et al., 2007). In Italy and Spain, a dog living with another dog or a cat was 

significantly more likely to have fleas (Rinaldi et al., 2007; Gracia et al., 2008).  

 

1.6 Flea prevalence and the distribution of infestation in the UK 

Literature on the distribution and prevalence of fleas on a country-wide scale in the UK is 

limited owing to the difficulty of recruiting the help of large numbers of pet owners, pets and 

veterinary practices. Most of those that do exist tend to focus on the species diversity or intensity 

of infection of fleas.  
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In 1981, Beresford-Jones published a small-scale study on the flea prevalence on dogs and 

cats in Camden, London. He used fresh cadavers to thoroughly examine them for fleas. The study 

found C. felis to be the only flea infesting cats and the primary flea infesting dogs, owing to a small 

number infested with C. canis and Orchopeas howardi (squirrel flea). Of the 193 and 316 dogs and 

cats examined, 39 (20.2%) and 177 (56.0%) had fleas, respectively (Beresford-Jones, 1981). Similar 

small-scale studies (50-120 dogs recruited) have been conducted which also focus on intensity of 

infestation and species diversity (Edwards, 1969; Baker and Hatch, 1972). Studies demonstrate 

that cats run a much higher risk of flea infestation, presenting significantly higher infestation 

prevalences than dogs (Clark, 1999; Beck et al., 2006; Bond et al., 2007). For example, a study 

based in the city of Leicester specifically examined cats and dogs over the winter months between 

September 1995 and February 1996. 257 randomly selected dogs and 126 cats of mixed breed, sex 

and age were sampled and examined. A total of 138 fleas infesting 8% of dogs and 20% of cats 

were recovered. The fleas recovered during the study were either C. felis (96.4%) or C. canis (3.6%) 

(Chesney, 1995). 

No large-scale studies were published until 2007 A study by Bond et al. (2007) involved 

the participation of 31 veterinary practices across the United Kingdom. The study collected fleas 

from cats and dogs using a flea comb, and also collected evidence of dermatological lesions 

potentially associated with fleas. The study was completed over a single week during July 2005 and 

involved 2653 dogs and 1508 cats, making it much larger than any of the previous studies. 

Amongst the cats 21% were infested and amongst the dogs 7% were infested by fleas. Skin lesions 

compatible with flea allergy dermatitis (FAD) were present in 8% of the cats and 3% of the dogs. 

In agreement with all earlier studies, 99% of the fleas were C. felis (Bond et al., 2007).  

The most recent and largest study following Bond et al. (2007) also took place on a nation-

wide level, using the data from 326 participating veterinary practices across Great Britain. The 

practices were asked to follow a standardised flea inspection protocol on a randomised selection 

of cats and dogs between April and June 2018 (Abdullah et al., 2019).  In total, 812 cats and 662 

dogs were examined and, overall, 28.1% of the cats and 14.4% of the dogs were flea infested, 

suggesting that flea infestation may have been underestimated previously by earlier studies. Unlike 

previous studies, this study also investigated the pathogens within the fleas collected. More than 

90% of the fleas on both cats and dogs were the cat flea, C. felis and 11% of samples were positive 

for Bartonella spp., while 3% were positive for Dipylidium caninum (Abdullah et al., 2019).   

 

1.7 Flea Control  

1.7.1 Veterinary Importance  
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The appropriate management of flea populations is important reduce the direct impact of 

their feeding on animal health and wellbeing and their role as vectors of pathogens (O’Neill et al., 

2014). The primary concern associated with flea feeding is the irritation caused directly to the 

host’s skin. The persistent biting behaviour that can take place several times prior to feeding and 

this can result in pruritis and excoriation often leading to self-trauma, and in many cases will result 

in hypersensitivity (Flea Allergy Dermatitis) which causes discomfort to the host. This will resolve 

after the fleas are eradicated but can be re-triggered by even a single flea bite. Severe repercussions 

of flea infestation also may result from the flea’s role as a vector to pathogens such as rickettsial 

diseases, bartonelloses, haemoplasmas and Dipylidium caninum, tape worm (Bitam et al., 2010). A 

number of these pathogens also cause zoonotic disease. 

Two studies have estimated the pathogen prevalence within the flea population within the United 

Kingdom. These have used PCR and sequence analysis of the DNA from flea samples taken from 

a range of cats and dogs. All of the fleas analysed in the earlier study were C. felis and half of them 

tested positive for pathogens: 9-21% of flea samples carried Rickettsia felis, 7-16% tested positive 

for Bartonella spp. and 16-36% carried haemoplasmas (Shaw et al., 2004). There was no significant 

difference in the geographic distribution of the pathogens (Shaw et al., 2004). A more recent, 

larger-scale study found 14% of flea samples were positive for at least one pathogen; 11.3% were 

positive for Bartonella spp.; 3% of the flea DNA samples were positive for Dipylidium caninum, <1% 

of samples were positive for Mycoplasma haemofelis or Mycoplasma haemocanis (Abdullah et al., 2019).  

 

1.7.2 Persistence of the flea population  

The management of flea infestations is particularly difficult because species of flea are 

rarely host specific; some clades of flea are associated with particular types of host although this 

may be derived as much from specific patterns of habitat-use as host-specificity (Lewis 1993; 

Whiting et al., 2008). In general, hosts that are taxonomically related or are similar in their ecology 

are likely to share flea species (Iannino et al., 2017).  The fact that C. felis will feed on cat and dog 

hosts in the domestic environment and dog fleas (C. canis) will feed on both dogs and cats 

(Beresford-Jones, 1981; Chesney, 1995) and may also be maintained in reservoir populations by 

wildlife, contribute to its persistence (Rust, 2017).     

In addition, fleas are persistent because 95% of the population is found in the general 

environment rather than on the host itself. Hence, to achieve rapid resolution of the infestation, 

it is not enough to only treat the host with anti-flea medication (Halos et al., 2014). Egg, larval and 

pupal stages must be targeted around host resting sites but also around the home in general in 

order to successfully remove the risk of continuous reinfestation from the home environment. A 



 

 20 

further reason for reoccurring flea infestation is the role played by reservoir hosts if, after 

eliminating fleas from the household, there is opportunity for reintroduction when cats and dogs 

come into contact with wildlife, including foxes and hedgehogs (Rust, 2005) or with other infested 

domestic pets in social spaces such as parks or the homes of other pets. In cases such as this it is 

imperative that pet owners keep up to date with effective methods of anti-flea product application.  

Compliance by the pet owner with anti-flea products is key to maintaining a flea-free home 

and pet. According to Halos et al. (2004) there are four primary reasons for persistent flea 

infestation associated with ineffective treatment by the owner. By not keeping an up-to-date and 

regular treatment regime, the owner is allowing gaps in treatment where reinfestation can take 

place from external sources as discussed previously. Most available flea products have an active 

period of 4 weeks, so in cases where pets are not treated monthly, flea infestation may return. 

Mathematical modelling of cat flea population dynamics within a household shows that continuous 

use of on-host insecticide is required for up to six months to suppress a flea population and that 

the combination of insecticide use on host plus an environmental insecticide or insect-growth 

regulator treatment is the most effective way to remove flea infestation (Beugnet et al., 2004). 

Merely treating pets in instances where adult fleas are visible on the pet is not enough: prophylactic 

treatment to prevent fleas being brought into the home and establishing a lifecycle within the 

house is also important. Self-evidently therefore all pets must be regularly treated within a multi-

pet household to prevent insecticide use on one pet from being made redundant.  Since fleas may 

persist in the winter months due to the use of central heating in homes treatment should not only 

take place during the summer but all year round. Other faults in owner-led flea control may involve 

errors in the administration method and dosage of the flea product (Halos et al., 2014).  

 

1.7.3 Anti-Flea Products   

Anti-flea products fall into two main categories. The first are compounds that target adult fleas on 

the host through topical or oral administration. There are usually neurotoxic insecticides.  

Alternatively they may be insect-growth regulators (IGR) that affect development at the egg or 

juvenile stages. Insect-growth regulators work as either juvenile-hormone analogues or insect-

developmental inhibitors and tend to be used in treating the environment, typically administered 

as a spray although systemic IGRs are also available (e.g. lufenuron) (Table 1). A minimum of 95% 

efficacy for 48-hours post administration is required to license a product (Halos et al., 2014). 
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1.7.4 Resistance to anti-flea products  

The repeated use of insecticides on a population of insects can lead to the selection for a certain 

heritable trait or traits held by individuals within the population. As these traits become more 

prevalent within an insect population, a greater percentage of the population will survive a dose of 

the insecticide that would otherwise be lethal to a previously unexposed population (Coles and 

Dryden, 2014). Resistance is important to monitor for in insect pests to minimise instances of 

control failure. Typically, there have been four categories under which mechanisms of resistance 

may fall: altered target site sensitivity, metabolic resistance, behavioural resistance and reduced 

penetration of the insecticide (Coles and Dryden, 2014). Most research into possible resistance of 

fleas to insecticides has focused on C. felis and to date there has been little evidence of resistance 

developing to topical and oral treatments (Rust, 2016). There have been some cases where studies 

have reported a reduced susceptibility to fipronil in the weeks following an initial treatment (see 

table 1). Despite this, there is a lack of firm evidence that points toward the existence of fleas 

resistant to on-host treatments at present. Nevertheless, vast measures have been put into effect 

to identify emerging resistance. One such measure has been in place for seventeen years and has 

incorporated an international effort to collect fleas from cats and dogs and test for susceptibility 

to imidacloprid through bioassays. This has been considered a very effective form of surveillance 

and is understood to be a viable method to build surveillance systems for other active ingredients 

used for flea control (Rust et al., 2018).  

 

1.8 Aims 

The aim of the work described in this thesis was to consider the spatial pattern of flea infestation 

across Great Britain and to look for relationships between potential causal factors that could be 

drivers for infestation prevalence. Consideration of the spatial patterns within flea prevalence data 

has not been attempted previously at a national scale within the UK, but such analysis could 

provide important insights into the factors that increase infestation risk and that should be targeted 

in the development of improved flea management strategies. Throughout this work the term risk 

refers to the likelihood of cats or dogs being infested with fleas as a result of the factors considered.  
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Table 1. Commonly used products against fleas (Rust et al., 2005; Halos et al., 2014; McTier et 
al., 2016) 

Chemical Type  Active 
Molecule  

Action Active period  Application Reports of 
resistance/reduced 
susceptablilty 

Adulticides  

Avermectin Selamectin  Causes 
chlorine 
channels to 
open in 
arthropod 
muscle 
membranes.  

28 days  Spot on   

Phenylpyrazole Fipronil, 
pyriprole 

Disrupts 
nerve 
function by 
blocking the 
γ-
aminobutyric 
acid 
(GABA)-
gated 
chloride 
channels of 
neurones.  

28 days  Spot on  Dryden et al., 
2013; 
Payne et al., 2001 

Chloronicotinyl Imidacloprid, 
nitenpyram 

Stops nerve 
function 
through 
inhibiting 
nicotinic 
acetylcholine 
receptors of 
nerve cells. 

28 days 
(imidacloprid), 
48 hours 
(nitenpyram) 

Spot on 
(imidacloprid), 
oral and 
topical 
(nitenpytam)  

Hayashiya et al., 
2012 

 

Neonicotinoid  Dinotefuran  Stops nerve 
function 
through 
inhibiting 
nicotinic 
acetylcholine 
receptors of 
nerve cells. 

28 days  Spot on  

Isoxazoline Fluralaner, 
afoxolaner, 
sarolaner 

Disrupts 
nerve 
function by 
blocking the 
γ-
aminobutyric 
acid 
(GABA)-
gated and L-
glutamate-
gated 
chloride 
channels of 
neurones. 

12 weeks 
(Fluralaner), 
28 days 
(afoxolaner, 
sarolaner) 

Oral   
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Oxadiazine Indoxacarb  Paralyses 
through 
blocking 
sodium 
channels in 
nerve cells. 

28 days  Spot on  

Spinosyns 
macrocyclic 
lactone 

Spinosad  Disrupts 
nerve 
function by 
binding to 
nicotinic 
acetylcholine 
receptors.  

28 days  Oral  

Insect Growth Regulators   

Organofluorine 
(Insect 
developmental 
inhibitor) 

Lufenuron  Degrade 
epidermal 
cells 
disallowing 
moutling 
fluid and 
chitin 
production.  

28 days (oral), 
6 months 
(injection) 

Oral, injection  

Juvenile 
hormone 
analogs 

S-
methoprene, 
pyriproxyfen 

Mimics 
juvenile 
hormone 
preventing 
egg 
development 
and 
mortality at 
juvenile 
moults  

28 days  Spray   
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–  CHAPTER TWO – 

Fleas infesting cats and dogs in Great Britain: spatial 
distribution and infestation risk in relation to treatment. 

  
 

2.1 Introduction 

Despite, the clinical importance of Ctenocephalides fleas, true prevalence estimates for flea infestation 

are relatively rare because they necessitate large-scale and randomised sampling, which usually 

requires extensive recruitment of pets and owners. Most studies are also relatively localised and 

look at the species diversity or intensity of infection found on animals known to be infested 

(Beresford-Jones 1981; Chesney 1995; Clark 1999).  For example, in the UK, Clark (1999) 

examined fleas on cats and dogs from central England between September 1995 and February 

1996; 257 randomly selected dogs and 126 cats of mixed breed, sex and age were sampled and 

examined. A total of 138 fleas were recovered, of which 133 (96.4%) were C. felis, with 8% of dogs 

and 20% of cats infested (Clark, 1999). In contrast, a larger scale survey recruited 31 veterinary 

practices to obtain evidence of flea infestations and dermatological lesions potentially associated 

with them (Bond et al., 2007). During a single week in July 2005, 2653 dogs and 1508 cats were 

examined for evidence of flea infestation. This showed that 21% of the cats and 7% of dogs were 

infested (Bond et al., 2007).  Skin lesions compatible with FAD were present in 8% of the cats and 

3% of the dogs. Of the fleas collected, 99% were the cat flea C. felis. Interestingly, almost half of 

the owners of the dogs and cats were unaware of their pet's flea infestation.  

 At a national level, in a recent survey in the UK 326 veterinary practices were asked to 

follow a standardised flea inspection protocol on a randomised selection of cats and dogs between 

April and June 2018 (Abdullah et al., 2019).  In total, 812 cats and 662 dogs were examined and, 

overall, 28.1% of the cats and 14.4% of the dogs were flea infested. More than 90% of the fleas 

on both cats and dogs were the cat flea, C. felis and 11% of samples were positive for Bartonella 

spp. while 3% were positive for Dipylidium caninum (Abdullah et al., 2019).  The aim of the work 

described in this chapter was to use the data collected in this previous national survey to specifically 

consider the spatial pattern of flea infestation across Great Britain and to look for relationships 

between potential causal factors associated with infestation prevalence.     
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2.2 Methods  

This study used data collected in the national UK survey undertaken in 2018; it has been described 

in detail by Abdullah et al. (2019). In brief: the nationwide campaign was instigated in March 2018 

with the recruitment of veterinary practices. Flea combs, sealable bags and envelopes were sent 

along with an inspection protocol and questionnaire (Appendix 1) to the veterinary practices 

opting to participate. Veterinarians selected 5 dogs and 5 cats at random each week for four weeks 

as instructed by the inspection protocol. The protocol requested flea inspections to be undertaken 

on animals with unknown infestation status, for example, during routine nurse clinics, booster 

injections or other routine operations, further instruction of the randomisation procedure was not 

included. The pet was combed using a dampened comb, with attention focused on the lower back, 

inner thighs, posterior and tail-head, where fleas are likely to concentrate. It was specified that the 

comb be dampened in order to increase the probability capturing any fleas, as the fleas are more 

likely to stick to the comb-teeth. On completion of grooming the used comb was sealed in the 

sample bag. The bag was sent to the University of Bristol where the presence of fleas and the 

species present were identified by Dr Swaid Abdullah using published keys (Beacournou, 1990).  

  In addition to grooming, a questionnaire (Appendix 1) was asked to be completed by the 

veterinarian for each animal regardless of infestation status. Owner address, pet species, breed, 

sex, neutered status, presence and abundance of fleas, whether the pet had been abroad in the 

previous two weeks, the presence of additional cats and dogs residing in the household, access to 

outdoors, hunting activity and its insecticidal treatment history were all requested in the 

questionnaire. The questionnaire could either be printed and posted or submitted online by the 

veterinarian. Veterinarians completed questionnaires from April to June of 2018. The 

questionnaire data received were entered into Microsoft Excel spreadsheet.  

 

2.2.1 The distribution of flea infestation  

The data for both cats and dogs were split into four distinct geographical regions based on 

the co-ordinates of the pet owners’ homes. Households located north of the Scottish boarder were 

grouped into ‘Scotland’. The remaining households located in England, Wales and the Isle of Man 

were split by latitude into three approximately equal sized groups and called ‘North’, ‘Central’ and 

‘South’ (see figures 1 and 2).  

The animal was considered to have fleas where veterinarians recorded the presence of fleas 

on the questionnaire during their consultation. In a small number of cases this was left blank but  

the animal was considered to be infested because fleas were found to be present on inspection of 

the comb in the laboratory. Postcodes given on the questionnaires were used to map the location 
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of pet owner homes and the location of owner homes with flea infested animals across England, 

Scotland and Wales using the geographical program QGIS (2020). Chi-square tests was conducted 

on the count data for both cats and dogs to consider any differences in the proportion of with 

fleas between the four geographical groups.  

 

2.2.2 Effects of sex, neutered status, age and breed of pet of flea infestation  

 To investigate the effect of the sex of the pet on flea infestation cats and dogs were split 

into four groups: male, female, neutered male and neutered female. Chi-square analysis was then 

preformed on the count data to determine any differences in the proportion of cats and dogs with 

fleas within these groups.  

 Dogs were split into six age groups to explore the effect age may have on the proportion 

of dogs infested with fleas. These groups included dogs up to and including 6 months-of-age, dogs 

up to 12 months-of-age, dogs up to 3 years-of-age, dogs up to 6 years-of-age, dogs up to 10 years-

of age-and dogs above the age of 10. Chi-square analysis was then used on the count data to 

consider difference in the proportion of dogs with fleas between ages. The same was done for 

cats.  

The effect of the breed of the cats was analysed by comparing the difference in flea 

infestation proportion between domestic and pedigree breeds, as well as hair length which was 

categorised as long-haired or short-haired. Dog breeds were grouped into 8 categories: gun, utility, 

hound, terrier, toy, pastoral, working and cross as listed by the Kennel Club  

(http://www.thekennelclub.org.uk). Chi-square analysis was performed on the count data to 

investigate any differences in flea infestation between breed groupings.  

 

2.2.3 Effects of pet activity on flea infestation  

The effects of whether cats had access to outdoors or whether they engaged in hunting 

and scavenging behaviour on flea infestation were both analysed using chi-square, examining the 

difference in the numbers infested between yes and no groups. The same investigation was 

conducted for dogs. Similar investigations were conducted for cats and dogs considering pets living 

in solitary pet or multi-pet households. 

 

2.2.4 Effects of treatment on flea infestation  

 Owners were asked to include details regarding the flea treatment history of their animal 

on the questionnaire: this included the date of the most recent flea treatment, whether the animal 

had been treated for fleas in the past, and the name of the product used to treat the animal. Animals 

http://www.thekennelclub.org.uk/
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were then considered as untreated, treated ‘in date’ or treated ‘out of date’. The term ‘in date’ 

referred to treatments that had been administered within the efficacy period, as claimed by the 

product label. ‘Out of date’ treatment animals were animals where the period of efficacy of the 

treatment had expired within 90 days. Treatments that had expired over 90 days before inspection 

were considered untreated and were grouped with animals that had not received any insecticidal 

treatment. For infrequent cases where the product that was listed was too vague to find an efficacy 

period (e.g. ‘supermarket product’), these unknown products were excluded from the statistical 

analysis. Products were then grouped by their primary insecticidal compound (active ingredient) 

and a chi-square analysis was used on count data to examine differences in the proportion of 

infested animals between the active ingredients used and differences between the treatment 

performance each of the geographic regions.  

 

 

2.3 Results  

2.3.1 Spatial distribution of flea infestation 

Questionnaire data was received relating to 810 cats and 661 dogs from Scotland, Wales, 

England and the Isle of Man. Of these animals, 380 cats (46.9%) and 149 (22.5%) of dogs had 

fleas. Initial visual inspection of the data (Figures 1 and 2) suggested lower instances of flea 

infestation in Scotland in comparison with England and Wales. A chi-square analysis showed a 

significant difference in the proportion of cats with fleas between the four geographical regions 

(χ2=10.49, d. f. = 3, P<0.02), with the percentage of cats infested highest in central England and 

Wales (57.5%) and lowest in Scotland (36.4%). There was no significant difference between the 

proportion of dogs infested with fleas between the four geographic regions, although a weak 

underlying trend was evident (χ2=3.24, d. f. = 3, P>0.1).  
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Figure 1. Distribution of 661 participating dogs. Dots represent the postcode location of dog 
owner homes; flea infested dogs are shown in blue and uninfested dogs are shown in orange. 
Green lines mark the region boundaries at latitudes 51.52 and 53.18 and the Scottish border.  

 

Figure 2. Distribution of 810 participating cats. Dots represent the postcode location of cat 
owner homes; flea infested cats are shown in blue and uninfested cats are shown in orange. 
Green lines mark the region boundaries at latitudes 51.52 and 53.18 and the Scottish border. 
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2.3.2 The effect of sex and neutered status on flea infestation   

A total of 807 cat and 656 dog questionnaires were completed to an adequate standard to 

allow the effects of sex and neutered status on the prevalence of flea infestation to be analysed. A 

chi-square test showed that there was a significant difference in the proportion of cats infested 

with fleas between the four sex groups (χ2= 17.82, d.f. = 3, P<0.02). The highest proportions of 

flea infestation in cats was seen in unneutered males and females (65.6% and 63.9%, respectively). 

Lower instances of cats with fleas were seen in male and female neutered cats (39.1% and 43.6%, 

respectively; Figure 3).  

 

Figure 3. The percentage of female and male cats of neutered (black bars) and unneutered (grey 
bars) status that had fleas present on inspection. Bars with 95% confidence intervals.   
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 To test whether the lower numbers of infested cats in the north was due to a higher 

number of neutered cats, differences in the proportion of neutered cats across the four geographic 

regions was analysed.  No significant difference in the number of neutered cats between the four 

geographic regions: Scotland, northern England, central England and Wales and southern England 

was found (χ2= 1.83, d. f. = 3, P>0.1).  

There was no significant difference in the proportion of flea infestations between dog 

sexes, as determined in a chi-square analysis (χ2=4.44, d. f. = 3, P>0.1).  

 

2.3.3 The effect of age on flea infestation   

Of the questionnaires received, there were 782 cats and 653 dogs with sufficient data to 

analyse the effects of pet age on flea infestation. There was a significant difference in the 

proportion of cats with fleas between cats of different age groups (χ2=13.00, d. f. = 5, P < 0.05).   

Cats under 6 months and cats between 6 months and 12 months old had the highest levels of flea 

infestation (56%) (Figure 4). To test whether the lower numbers of infested cats in the north was 

due to a lower number of cats below 12 months, differences in the proportion of cats under 12 

moths of age across the four geographic regions was analysed. There was no difference in the 

proportion of cats of 12 months or below in the four geographic regions (χ2=2.49, d. f. = 3, 

P>0.1). 

 

 

Figure 4. The percentage of cats that had fleas present on inspection at different ages (black bars). 
Bars with 95% confidence intervals.  
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Youngest and oldest dogs had the highest levels of infestation however there was no 

significant difference in the proportion of flea infestations between dog ages, as determined by 

chi-square analysis (χ2= 6.43, d. f. = 5, P>0.1).   

 
2.3.4 The effect of breed on flea infestation  

797 cats could be identified as being either pedigree or domestic breeds. 793 cats were 

identified as being either longhaired or shorthaired. Neither different breed types (χ2=1.35, d. f. = 

1, P>0.1) nor hair length categories (χ2=0.05, d. f. = 1, P>0.1) had significant differences in flea 

infestations.  

Information relating to pet breed was collected from 657 dogs (Figure 5). However, there 

was no significant difference between breeds in the proportion of dogs with fleas (χ2=9.63, d. f. = 

7, P>0.1). 

 

 

Figure 5. The percentage of dogs of different breed groups that had fleas present on inspection. 
Bars with 95% confidence intervals. 
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2.3.5 Effects of outdoor access on flea infestation  

Data on cat access to outdoors were recorded for 804 cats; 570 cats had outdoor access and 234 

cats had only indoor access. 41.1% of cats with outdoor access had fleas and 37.2% of cats 

confined to indoors had fleas. This difference was not significant (χ2= 0.59, d. f. = 1, P>0.1).  

 Questionnaire data describing whether the dog had outdoor or indoor only access was 

collected from 660 dogs. Only 19 dogs were reported as having no outdoor access, and the 

remaining 641 had access to outdoors. There was no significant difference in the proportion of 

dogs with fleas between the outdoor and indoor dog groups (χ2= 0.01, d. f. = 1, P>0.1).   

 
2.3.6 Effects of scavenging/hunting behaviour on flea infestation 

In total, data on hunting was provided for 664 cats; 328 were described as displaying 

hunting/scavenging behaviour while 336 did not. There was no significant difference in the 

proportion of cats with fleas found in the scavenging and non-scavenging groups (χ2=0.03, d. f. = 

1, P>0.1).  

643 dog owners gave information about whether their dog hunted or scavenged: 147 did 

and 496 did not. There was no significant difference in the proportion of dogs with fleas between 

the groups of hunting and non-hunting dogs (χ2= 2.22, d. f. = 1, P>0.1). 

 

2.3.7 Effects of additional animals in the household on flea infestation  

There were 801 cat questionnaires that were returned confirming whether the cat lived in 

a solitary or multi-pet household: 498 cats lived with one or more other cats or dogs and 303 lived 

as a solitary pet. There was no significant difference in the proportion of cats with fleas between 

the multi-pet and solitary household groups (χ2=1.47, d. f. = 1, P>0.1).  

 There were 659 dog questionnaires that were returned confirming whether the dog lived 

in a solitary or multi-pet household. 354 dogs lived with one or more other dogs or cats and 305 

lived as a solitary pet. There was no significant difference in the proportion of dogs with fleas 

between the multi-pet and solitary household groups (χ2= 0.06, d. f. = 1, P>0.1).  

 
 
2.3.8 Effects of treatment on flea infestation 

There were 808 cat questionnaires returned with information relating to the flea treatment 

history of the cat (75 from Scotland, 227 from northern England, 255 from central England and 

Wales and 251 from southern England). For dogs, 658 questionnaires were returned that included 

at least partial information on the dog’s previous treatment history (59 from Scotland, 215 from 

northern England, 190 from central England and Wales and 194 from southern England.  
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52.6% (n=425) of cats were reported to have received no treatment at all. The differences 

in proportion of untreated cats was significantly different between the four geographic regions 

(χ2= 10.4, d. f. = 3, P<0.02), with Scotland and northern England having the highest numbers of 

untreated cats and the least found in southern England (Figure 6). Of the dogs, 38.6% (n = 254) 

did not receive flea treatment. Unlike cats, there was no significant difference in the proportion of 

untreated dogs across the four geographic regions (χ2= 6.38, d. f. = 3, P>0.1; Figure 7).  

 23.6% of cats were recoded as having been treated for fleas but the products were not ‘in 

date’ at the time of inspection. There was a significantly higher percentage of cats with ‘in date’ 

treatments in south England than the other three geographic regions (χ2=12.95, d. f. = 3, P<0.01; 

Figure 6). Of the dogs inspected, only 35.1% had been given treatments that were ‘in date’ at the 

point of inspection. There was no significant difference between geographic regions in the 

percentage of dogs with ‘in date’ treatments (χ2=5.96, d. f. = 3, P>0.1; Figure 7).  
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Figure 6. The percentage of cats that were reported as not having received any flea treatments by 
their owners (black bars) and the percentage of cats that had received flea treatment that was 
identified as ‘in date’ at the time of inspection (grey bars). Bars with 95% confidence intervals. The 
data is from four geographic regions of Great Britain: Scotland, northern England, Central 
England and Wales and southern England.  
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Figure 7. The percentage of dogs that were reported as not having received any flea treatments 
by their owners (black bars) and the percentage of dogs that had received flea treatment that was 
identified as ‘in date’ at the time of inspection (grey bars). Bars with 95% confidence intervals. The 
data is from the four geographic regions of Great Britain: Scotland, northern England, Central 
England and Wales and southern England. 
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 Instances where other fleas, such as rabbit fleas, chicken fleas and hedgehog fleas, were 

found were very low (Abdullah et al., 2019) and since most products do not claim to be insecticidal 

against these species, only cats and dogs infested with either C. felis or C. canis were included in the 

analysis of the effects of treatments. Commercial products were grouped by their primary active 

insecticidal ingredient.  

Amongst cat owners fipronil-based products were used significantly more than any other 

class of treatment, being used by 46.7% (n=154) of owners treating their cat (χ2=241.24, d. f. = 5, 

P<0.0001; Figure 8). Other popular products classes included fluralaner (12.7%), imidacloprid 

(19.1%), selamectin (10.1%) and indoxacarb (7.0%). Remaining products were pooled in an ‘other’ 

category which included lufenuron, unspecified ‘natural’ compounds, nitenpyram and spinosad, as 

there was a low number of cases where these were used. Amongst dog owners, imidacloprid 

(33.7%), fipronil (25.9%) and fluralaner were the most common treatments. Other classes of 

insecticides used for dogs included afoxolaner (8.6%) and selamectin (3.5%).  Remaining 

insecticides including lufenuron, unspecified ‘natural’ compounds, pyriprole, sarolaner and 

spinosad were used in only a small number of instances and so were pooled into an ‘other’ category 

(Figure 9).  

 Between the different classes of insecticide used on cats, there was no significant difference 

in the proportion of cats with ‘in date’ treatments at the time of inspection (χ2=6.20, d. f. = 5, 

P>0.1). For dogs, there was also no significant difference in the proportion of dogs with ‘in date’ 

treatments at the time of inspection (χ2=7.29, d. f. = 5, P>0.1). The percentages of treatments that 

were in date can be seen in Figures 20 and 21 for cats and dogs, respectively.  

 There were a number of cases for both dogs and cats where fleas were still reported despite 

the most recent flea treatment being ‘in date’ at the time of inspection. This was particularly the 

case for fipronil-based products. Between the different insecticide classes with ‘in date’ treatments 

used on cats, there was a significant difference in the proportion of cats that had fleas (χ2=33.12, 

d. f. = 5, P<0.0001), with fipronil-based products having the highest proportion of cats with fleas  

cats with fleas (62.0%) and fluralaner-based products with the lowest (4.2%) (Figure 10). A similar 

pattern was seen in dogs where fleas were reported most commonly on animals with ‘in date’ 

fipronil-based treatments (44.9%) and least commonly on animals with ‘in date’ fluralaner-based 

treatments (1.5%), the difference between treatment classes was significant (χ2= 35.68, d. f. = 5, 

P<0.0001; Figure 11).  
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Figure 8. The percentage of cat treatments where the cat owner reported using a particular 
insecticidal product (black bars) and the percentage of those cats treated with a particular 
insecticidal product where the product was ‘in date’ at the time of inspection (grey bars). Bars are 
shown with 95% confidence bars.  
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Figure 9. The percentage of dog treatments where the dog owner reported using a particular 
insecticidal product (black bars) and the percentage of those dogs treated with a particular 
insecticidal product where the product was ‘in date’ at the time of inspection (grey bars). Bars are 
shown with 95% confidence bars. 
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Figure 10. The percentage of cats that were infested with fleas where the cat’s most recent 
treatment was still ‘in date’. Bars are shown with 95% confidence intervals.  
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Figure 11. The percentage of dogs that were infested with fleas where the dog’s most recent 
treatment was still ‘in date’. Bars are shown with 95% confidence intervals. 
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2.4 Discussion 

Flea infestation of cats in the UK shows statistically significant geographic variation, which is 

independent of the underlying uneven distribution of questionnaire responses; the highest 

proportions of infestation were observed in southern and central England and Wales, and the 

lowest infestations in Scotland.  A similar underlying pattern was seen for dogs, but it was not 

significant by chi-square analysis.  To attempt to explain this pattern a wide range of potential risk 

factors were explored. Factors included pet breed, access to outdoors, hunting/scavenging 

behaviour, the sex and age of dogs and living in either a solitary or multi-pet household; none had 

a significant effect on the prevalence of fleas within the cat and dog populations. Although a 

significantly higher incidence of fleas was seen in unneutered cats and cats below one year of age, 

these traits showed no relationship with the underlying geographic distribution of flea infestation. 

a significantly higher proportions of flea-infested cats were neutered males and females (65.6% 

and 63.9%, respectively) when compared to their unneutered counter-parts (39.1% and 43.6%, 

respectively) and more flea infested cats were under 12 months of age (56%).  

 Chi-square analysis was used throughout this work multiple times on non-independent 

data. It should be borne in mind that conducting multiple analysis on the same data leaves an 

increased opportunity for encountering type I errors (Albers, 2019). To control the familywise 

error rate produced from the multiple analyses conducted Bonferroni corrections can be made; 

however, it is argued that use of Bonferroni adjustments can in turn increase the likelihood of type 

II errors, and may risk disregarding otherwise significant findings (Pernger, 1998) and in this case, 

risks inadequate preparations for future changes in flea infestation patterns. An alternative is 

making false discovery rate adjustments which can give an estimate for the likelihood of making 

type I errors (Glickman et al., 2016). However, this is seen to be at low risk here and the overall 

findings in this work are unlikely to be affected.  

The age of dogs had previously been considered for its role in infestation risk and no 

relationship was seen (Mosallanejad et al., 2012) although the infestation did appear to increase in 

dogs older than 6 months. A similar lack of trend was found here, with no significant difference 

observed. The neutered status and sex of dogs had no effect, which was contradictory to what was 

observed in a similar number of stray dogs in the city of Aguascalientes, Mexico, where it was 

more common for males to have fleas (Hernández-Valdivia et al., 2011).  This may be due to 

differing behaviours of sexes in stay and domesticated dogs.  

Cat breeds have not previously been considered as a risk factor for flea infestation, 

however, no effect was observed here for pedigree versus domestic breeds or long versus short-

haired cats.  Previous studies also found no influence of dog breed on flea infestation prevalence 
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(Hernández-Valdivia et al., 2011; Mosallanejad et al., 2012) unless dog breeds were grouped by use 

(Rinaldi et al., 2007). However, here the grouping of breeds by traditional usage did not show any 

significant effects. Behaviours commonly associated with dog use including access to outdoors 

and hunting/scavenging behaviour were not observed to have a significant effect on flea 

infestations. This was also observed by Rinaldi et al. (2007) in all flea species except P. irritans, 

however different flea species were not analysed separately on this occasion. Rinaldi et al. (2007) 

did, however, report lower instances of fleas infesting cats that remained indoors, an observation 

that was not repeated here. Local circumstances such as climate and use of flea treatments are 

likely to heavily influence results, due to the variability in study locations.  

No effect of pets living as solitary or multi-pet households on flea infestation was evident 

amongst the cats and dogs sampled in this study. This was not observed in studies conducted 

previously within Europe including the United Kingdom where the addition of either a cat or dog 

significantly increased instances of infestation in various cases (Bond et al., 2007; Rinaldi et al., 

2007; Gracia et al., 2008; Farkas et al., 2009).  

Consideration of treatment as a potential explanation for the spatial distribution of flea 

infestation  revealed some important trends. Overall, only 23.6% of the cats and 35.0% of the dogs 

inspected had been treated with identifiable flea products that were still ‘in date’ at the point of 

inspection.  Given the ubiquity of flea infestation, this relatively low-level compliance is surprising 

and shows a clear need for greater owner education about the need for flea treatment (Halos et al., 

2014).  The use of insecticidal treatment in cats showed a significant negative correlation with the 

spatial prevalence of fleas, with owners in Scotland less likely to treat and less likely to have in-

date treatments than owners in southern England. It is considered that this is likely to be a response 

to the perceived lower risk in more northerly latitudes rather have any causative relationship. No 

similar significant pattern was observed in the dog treatment response, although a similar non-

significant trend was evident in the data.  
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- CHAPTER THREE –  

General Discussion 

 

 

3.1 Impacts of climate 

From the results presented in Chapter 2, a strong regional pattern of flea infestation was evident. 

The reason for this geographic gradient could not be determined from this study.  However, a 

strongly latitudinal infestation gradient strongly suggests that it is likely to be driven by climatic 

factors.  The ability of C. felis to tolerate a wide range of environmental conditions contributes to 

the abundance and distribution of this species, however its development and mortality rates, like 

those of most insects, are highly sensitive, particularly to temperature and humidity.  At 24°C and 

75% relative humidity the duration of the three larval instars is about 1 week, but at 13°C and 75% 

relative humidity larval development takes about 5 weeks, although the larval cycle can take up to 

200 days under more unfavourable conditions. Larvae will only survive at temperatures between 

about 13 °C and 35 °C and they are extremely susceptible to desiccation; mortality is high below 

50% relative humidity and outdoors flea larvae cannot develop in arid areas exposed to the hot 

sun (Silverman and Rust, 1983).  As a result, in the northern hemisphere, changing abundance 

generally shows a seasonal pattern with numbers increasing around late spring and early autumn 

when environmental conditions are favourable for larval development (Rinaldi et al. 2007).  For 

example, in a study of 744 dogs from 79 localities in Spain temperature and rainfall were shown 

to strongly affect flea abundance (Gracia et al., 2007): mean annual temperature was negatively 

correlated with the overall abundance of C. canis and Pulex irritans, but positively related to C. felis 

abundance. Similarly, flea infestations in domestic dogs in different regions of Iran were shown to 

be highest in areas of temperate climate with higher rainfall and this resulted in clear seasonal 

patterns with the highest infestation rate observed in August and the lowest rate in January 

(Tavassoli et al., 2010).   

However, any effects of external climatic conditions on flea prevalence may be buffered 

because fleas are able to breed within buildings.  Areas within a building with the necessary high 

humidity for egg and larval development are often limited but, where they do exist, along with an 

appropriate food source for larvae, they may allow fleas to survive and bite all year round 

independently of local climate.  It has been hypothesised previously that the use of central heating 

in homes has allowed fleas to undergo their life cycles year-round, after finding immature fleas in 

homes in northern England during the winter months (Clark, 1999). If flea populations in the UK 
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were maintained largely indoors, the link between climate and prevalence would be expected to be 

weak. So, the significant spatial pattern observed here suggests that outdoor populations of fleas 

and outdoor sources of infection are likely to be significant. This also suggests that wildlife may 

play an important role in maintaining a reservoir of fleas for persistent reinfection of companion 

animals. Indeed it has been suggested that domestic cats and dogs may play a crucial role as 

bridging hosts for fleas of different wild animals, domestic animals, and humans that they come 

into contact with during their host-seeking behaviour (Dobler and Pfeffer, 2011) and that the spill 

over of parasites at the domestic animal – wildlife interface is a pervasive threat to animal health 

with cat fleas in particular being host-generalists, being found on over 130 wildlife species (Clark 

et al., 2018). Hence, wildlife reservoirs for fleas may be an important reason for the persistence 

apparently intractable flea infestations (Halos et al., 2014). It should be noted that this work did 

not find a significant difference in flea prevalence between animals with outdoor access or those 

confined to their house in either dogs or cats. Although a significant relationship would have been 

expected, this does not mean to say that interactions with wildlife may not still have a heavy 

influence on the risk of domestic animals catching fleas. One factor that may have led to the 

findings included here is the lack of specificity of the questionnaire (see appendix 1), which asks 

owners ‘does the pet have access to outdoors or is it indoors only?’. It should be noted that only 

2.87% of dogs were classed as ‘indoor only’, this suggests that, were the study to be repeated, 

asking owners on the manner of their pet’s outdoor access may yield more useful data. This many 

include asking how much outdoor access a week, or perhaps more importantly, what types of 

outdoor areas do pets have most access to. For example, dogs living on farms showed higher 

instances of flea infestation in Spain than those living in houses or appartments (Gracia et al., 

2008). Similarly, cats and dogs in Hungary had higher instances of flea infestations in rural areas 

when compared with urban areas (Farkas et al., 2009). Future work should aim to further 

understand how fleas are passed between domestic animals and wildlife. 

Given the implication that outdoor flea populations are likely to be important, the number 

of instances of infestation among domestic animals can be expected to rise in the United Kingdom 

if environmental conditions become more suitable year-round, with warmer, wetter winters in 

particular. In Spain, climate change models have been used to predict areas, mainly in northern 

and central Spain, where climatic change is likely to drive a higher infestation risk for domestic 

dogs (Gálvez et al., 2017). In light of this, models that predict the impacts of climate change on 

flea populations in the UK will be useful in allowing better preparation of control measures in 

areas expecting a rise in infestation risk.  There is already a model in place that predicts near-future 

trends in outdoor cat flea activities across Europe using meteorological data (Beugnet et al., 2009). 
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However longer-term predictions are necessary if we see more permanent distribution changes 

driven by global warming. For example, if increased temperatures were to result in higher flea 

infestation in higher latitudes, such as Scotland, more active promotion of regular flea treatments, 

as seen in southerly England, will be of greater importance to keep flea populations amongst 

domestic animals subdued. Likewise, warmer winter months may nullify the idea of ‘flea seasons’ 

and year-round treatment will become crucial. 

 

3.2 Insecticide resistance 

Resistance is a growing problem for flea control. Monitoring the emergence of inheritable 

traits conferring lower susceptibility to insecticides early is a crucial part of maintaining the success 

of flea control. The cat flea, C. felis, has been reported as developing resistance to a number of 

insecticide groups used for environmental control in the US over the past few years, however, 

there are very few reports of resistance developing to on-host treatments (Rust, 2017). The efficacy 

of fipronil was reported to have become progressively lower in certain populations of C. felis as 

time progressed after cats were treated (Payne et al., 2001). Similarly, in a study that treated 

naturally infested dogs with topical fipronil or indoxacarb treatments, the efficacy of fipronil was 

reported to be lower than previously achieved, while the efficacy of indoxacarb remained persistent 

(Dryden et al., 2013). There is generally hesitance to blame resistance over a natural variance in 

susceptibility within the flea population or improper use of treatments. Reports of reduced efficacy 

are also often attributed to the result of improper application. Activities such as bathing and 

swimming are known to reduce the effectiveness of spot-on treatments, likewise, vomiting may 

cause oral treatments to fail (Halos et al., 2014). In a study by Fisara et al. (2019), they took great 

care to minimise product loss through animal activities and ensured products were applied as 

instructed by the label; compared to 100% efficacy of a fluralaner substantial evidence for fipronil 

failure was evident and its efficacy ranged between 65.6 and 30.6%. The mechanism by which fleas 

may have developed a resistance to on-host fipronil treatments is unknown at present. There has 

been one report of a dog infested with C. felis with low sensitivity to imidacloprid where fleas were 

later eliminated by a fipronil spot-on treatment (Hayashiya et al., 2012). This is an isolated case of 

imidacloprid failure. An ongoing surveillance initiative was set up in 1999, that has recruited 

international participation to monitor for reduced susceptibility of C. felis to imidacloprid. During 

17 years of the scheme there has been little evidence to suggest susceptibility has reduced to the 

insecticide (Rust et al., 2018).  

One particularly important finding from the data presented in Chapter 2 was that 62% of 

the cats and 45% of the dogs that had been treated with a fipronil-based product that was ‘in date’ 
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at the point of inspection still had fleas. In cats 31% and 37% of animals treated with in-date 

Indoxocarb and selamectin-based products also had fleas, respectively. Clearly, to some degree, 

persistent flea infestation on treated animals is likely to be due to compliance and misapplication 

issues and this will vary with the ease with which owners can apply each product and its persistent 

efficacy.  Fluralaner, for example, has a 12-week duration of efficacy and had the lowest level of 

flea infestation in treated animals.  However, it is difficult to conceive why fipronil-based products 

might be associated with significantly higher compliance issues than other similar products.  While 

it is acknowledged that pyrethroid resistance now appears to be widespread in flea populations it 

has been argued that despite their broad use since 1994, there is no evidence that resistance has 

developed to on-animal or oral treatments such as fipronil (Rust, 2017) and experimental studies 

have shown high levels of efficacy (Lebon et al., 2018). However, the data presented here, suggest 

that this is not the case in practice. The inference is that there is a widespread lack of efficacy of 

fipronil-based flea treatment products and this may well indicate widespread resistance to this 

product class.   

Since the patent for fipronil ran out in 2001, a number of generics have become available 

on the market. Access to cheaper fipronil-based alternatives is likely to have increased the use of 

fipronil and may be a contributory factor in selection for resistance. As a number of these off-

brand generic formulations are available ‘over-the counter’ (without prescription), there has been 

opportunity for excessive or incorrect use. With this, there is also great possibility that products 

are less likely to be used correctly if they do not need to be prescribed by a veterinarian. Although 

this has not been tested in flea insecticide use, a similar trend has been seen in prescribed and non-

prescribed veterinary antibiotic use by UK dairy cow farmers (Higham et al., 2018). Without 

speaking to a veterinarian first, there is greater potential for flea control to fail due to owner-related 

causes. This may include incorrect applications and being unaware of the importance of 

continuous year-round applications (Halos et al., 2014). 

 

3.3 Conclusion  

From this work we can conclude that both climate and the type of insecticide used are important 

drivers of risk for fleas infesting cats and dogs in Great Britain. There are reasonable grounds to 

conclude that the latitudinal-based trend of flea infestation observed in this work is due to the 

influence of climate on outdoor flea populations. This stresses the importance of non-domestic 

hosts in flea population dynamics as well as suggesting that flea infestation is greatly influenced by 

outdoor temperatures despite the broad use of central heating, which had previously been thought 

would mitigate the effects of outdoor climates (Clark, 1999). With this, it is clear that future work 
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should explore how the oncoming effects of climate change might affect flea infestations in order 

to advise veterinarians to adequately promote flea treatments in areas becoming of higher 

infestation risk. Another conclusion from this work is that surveillance for resistance is of great 

importance, particularly for active products widely available over the counter. Reporting that ‘in-

date’ fipronil-based products failed to eradicate fleas on 62% of cats and 45% of dogs indicates 

resistance is likely to have become widespread against this product in Great Britain. It is important 

that future work aims to identify resistant strains of C. felis or C. canis; a surveillance initiative could 

be introduced similar to that already in existence for imidacloprid resistance (Rust et al., 2018). 

Further work should also explore the compliance and efficacy of over the counter versus 

prescription only flea medications. Vigilance for changes in climate-driven and resistance-driven 

flea infestations is key to maintaining and improving flea control in cats and dogs in future.  
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APPENDIX 1 

The Big Flea Project: pet questionnaire 
 

 
1. Date of inspection: ……………….. (dd/mm)  

2. Unique sample number …………………………    

3. Pet species - Cat  dog  

4. Pet name …………………..…………… 

5. Vet Practice name …………………..……………………………………………… ……………………………. 

Postcode ………………    Tel: ………………………………………  Email: …………………………………. 

6. Owner’s Address: …..…………………………………………………………………………………………………….. 

………………………………………………………..…………………………...  Postcode: …………………………………. 

7. Pet Age: .……………………………….……… 

8. Pet breed: …………………………………….. 

9. Is the pet:  Male ,  Female , Neutered  

10. Were any fleas present?  Yes  No      

11. Are there other animals in the household? And, if so, how many: Cats  …..,  Dogs  …..,     

11. Does the pet have access to outdoors  or is it indoor only   

12. Has the pet been abroad in the past two weeks? Yes   No                           

13. Has the pet been treated for fleas Yes   No ?   If ‘yes’ when ……………(dd/mm/yy) 

14. What was it treated with? ………………………..……………………………………………………………… 

 

Thank you; if you collected any fleas, please place them in a tube, label the tube with your Name and 
Address and store in the freezer.  At the end of each week, please copy the data from the paper sheets 
onto the online survey form http/www ……………………… At the end of each month, please send the ticks 
to us using one of the pre-paid envelopes. 
 
RETURN ADDRESS FOR SAMPLES: Swaid Abdullah/Richard Wall, Bristol Life Sciences Building, 
University of Bristol, 24 Tyndall Avenue, Bristol, BS8 1TQ  
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