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Abstract 

 
 Background: Leptospirosis is a zoonosis with a large distribution in the globe, and Leptospira spp. is responsible for the disease. 

Mammalians can serve as reservoir hosts of the bacteria; however, rodents, particularly rats, are known to be the most important 

reservoir, principally, for Leptospira interrogans serovar Icterohaemorrhagiae. In Algeria, few data are available concerning the 

circulation of the Leptospira bacterium in human and in animals including rodents. Aims: Our study aimed to bring to light the 

importance of rats as reservoir host of Leptospira spp. in the city of Blida, Algeria. Methods: A total of 100 rats including 88 Rattus 

norvegicus and 12 Rattus rattus were captured, their serums were tested for antibodies by Microscopique Agglutination Test (MAT), 

and their kidneys and livers were subjected to culture in Ellinghausen, McCullough, Johnson and Harris (EMJH) medium. Results: 

Our study revealed a sero-prevalence of 43% (95% CI: 33.3-52.7%), the most common infecting serogroup was Icterohaemorrhagiae 

11% (11/100), and the highest titer was register for the serogroup Canicola 1:2560. No statistical difference was recorded between 

the two sexes, the classes of age, and the rat’s species; However, rats captured in urban area seemed to be more infected than those 

captured in rural area. Organs culture confirmed the carrying status of the bacteria with prevalence of 8%. Conclusion: Our survey 

confirms the role of rat as reservoir host of Leptospira, and provides valuable data on the epidemiology of leptospirosis in this 

animal. Therefore, rat population control in the city of Blida is important to prevent outbreaks of leptospirosis in human and in other 

animals. 
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Introduction 
 

 Leptospirosis, a zoonosis with worldwide distribution 

and Leptospira pathogenic genus, is the causative agent 

of the disease (Tilley et al., 2004). Annually, 

leptospirosis affects over than one million people with 

60-000 death (Costa et al., 2015). Leptospires are 

divided into more than 250 pathogenic serovars grouped 

into at least 32 serogroups (Caimi and Ruybal, 2020) the 

contamination can occur through contact with infected 

urine or contaminated water. The bacteria penetrates the 

body through aerosols inhalation, conjunctiva and 

mucous membranes and even through skin lacerations 

(Musso and La Scola, 2013). 

 Numerous of wild and domestic animals can serve as 

reservoir host of the bacteria (Bharti et al., 2003); 

leptospires colonize their kidneys and are excreted into 

the environment through their urine constituting an 

indirect way of contamination (Samrot et al., 2021). 

 Mostly, rodents are recognized as the major 

reservoirs of Leptospira spp (Garcia-Lopez et al., 2024) 

with a seroprevalence ranging from 18.3% to 96% 

among urban rodents across the world (Noh et al., 2024) 

and rats as particular hosts for the Icterohaemorrhagiae 

serogroup (Garcia-Lopez et al., 2024). 

 In Algeria, the most predominant circulating 

Leptospira species in human leptospirosis cases is 

interrogans; serovar Icterohemorrhagiae and serovar 

Canicola (Afiri, 2013; Afiri et al., 2013). Leptospira 

interrogans species was also associated to stray dogs 

(Zaidi et al., 2018), and to cattle; serovar Hardjo 

(Derdour et al., 2017; Benseghir et al., 2020). 
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 Microscopic Agglutination Test (MAT) is considered 

as the serological standard test for the diagnosis of 

leptospirosis (Ahmad et al., 2005). However, the 

detection of leptospires by culture is considered as the 

definitive diagnosis test of the disease (Adler and de 

laPeña Moctezuma, 2010). 

 Knowledge of the epidemiology of the infection in 

reservoirs is important to establish an effective 

prophylaxis program, and to evaluate the risk of 

transmission to other animals and to human. The present 

study aimed to determine the seroprevalence of 

Leptospira in rats captured in the city of Blida and 

identify the circulating serovars. Also, we aimed to 

isolate the bacteria by culturing to confirm the carriage 

status of rats. 

 

Materials and Methods 
 

 The laboratory tests were performed at the Institute 

Pasteur Algeria. 

 The study was conducted under the authorization 

number 178/ISVPG/14, established by the Institute of 

Veterinary Science; University Bida1, Algeria and 

agreed by the Institute Pasteur Algeria. 

 

Study area and trapping of rats 
 Alive rodents were captured in the city of Blida 

during a routine rodent’s population control of the 
Service d’Hygiène of Blida, under the authorization 
number SHC/123/2014. Rodents were caught from 

September 2014 to May 2015 using spring cages of 

approximately [30 cm, 15 cm, and 15 cm] size. Trap 

locations were selected according to some criteria; such 

as confirmed existence of rodents, security and help. In 

total rodents were captured in five urban areas 

“36.468197, 2.821059”, “36.471856, 2.829977”, 
“36.500609, 2.853508”, “36.481361, 2.855541”, 
“36.465242, 2.836651” and in three rural habitats 
“36.553899, 2.795626”, “36.498020, 2.754173”, 

“36.455496, 2.813976” (Fig. 1). Briefly, five to ten cages 

were placed by site and every morning the traps were 

collected. Rat species were identified according to their 

morphological characteristics such as the head and body 

length, tail length, ear and hind foot length (Ahmim, 

2004). Sex and age were determined by external 

examination (Herbreteau et al., 2011). 

 
Samples collection 
 Rats were anesthetized and euthanized according to 

the protocol admitted by the Institute Pasteur Algeria, 

and the “Laboratoire des biotechnologies liées à la 
reproduction animale” (LBRA); Institute of Veterinary 
Science, University of Blida1. 

 Rats were bled from the heart and 2 to 5 ml of blood 

was collected depending on the size of the rodent. 

Kidneys and livers were aseptically removed and placed 

in sterilized sample bottles and were transported 

immediately under cold to the Institute Pasteur Algeria. 

 
Microscopic agglutination test 
 Blood samples were centrifuged and the obtained 

serum was stored at -20°C until processing by MAT. 

 MAT is thought to be the reference test for the 

diagnosis of leptospirosis and is specific to the serogroup 

(Levett, 2001). In our study, MAT was performed 

following the protocol established by the Institute 

Pasteur Algeria (Postic et al., 2000). 

 Living leptospires obtained from CNRLIPP-France 

were sub-cultured in EMJH medium, and were then used 

as antigens at 4 to 10 days of growth. The strain used 

corresponded to 23 pathogenic serovars and one 

saprophytic serovar (Table 1). Patoc as saprophytic 

serovar was used to indicate nonspecific reactions to 

others serovar not included in the panel (Loan et al., 

2015). The serovar reacting with the highest titer was 

considered as the infecting serovar (O’Keefe et al., 2002; 

Geisen et al., 2007). 

 

 
 

Fig. 1: Geographical location of the city of Blida, Algeria, and the sites of capture 
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Table 1: Panel of Leptospira strains used for MAT 

Serogroups Serovars Abbreviation 

Australis Australis Aust 

Autumnalis Autumnalis Autu 

Bataviae Bataviae Bat 
Canicola Canicola Can 

Ballum Castellonis Cast 

Cynopteri Cynopteri Cyno 

Grippotyphosa Grippotyphosa Grip 

Hebdomadis Hebdomadis Heb 

Sejroe Sejroe 

Hardjo 

Sej 

Hardj 

Icterohaemorrhagiae Icterohaemorrhagiae 
Icterohaemorrhagiae verdun 

Ict 
Ihv 

Panama Panama Pan 

Louisiana Louisiana Loui 

Pomona Pomona Pom 

Pyrogenes Pyrogenes Pyr 

Tarassovi Tarassovi Tar 

Celledoni Celledoni Cell 
Djasiman Djasiman Dja 

Mini Mini Mini 

Sarmin Sarmin Sar 

Shermani Shermani Sher 

Javanica Javanica Jav 

Semaranga Patoc Pat 

 
 Rat serum was considered as positive when a titer of 

1:20 or higher was obtained with at least one serovar 

(Vanasco et al., 2001). Antigens were first added to 

serum specimens to detect the positives one at dilution 

1:20. Positive serums were then diluted in serial (1:20, 

1:40, 1: 80, … 1:5120) and the corresponding antigen 
was added to determine the end titer. 

 The mixture of serum-antigen was observed under 

dark-field microscope after the incubation of 1 h at 37°C 

and a titer was defined as the highest dilution giving 

agglutination of 50% of free living leptosires used as 

antigen comparing to that of the negative control (Postic 

et al., 2000). 

 
Leptospira culture 
 Culture was performed using Ellinghausen 

McCullough Johnson Harris (EMJH) medium. Renal and 

liver tissues were crushed with sterile blades and 

transferred aseptically to tubes containing the medium, 

decimal dilution tubes were then incubated at 28-30°C 

and were examined weekly using a dark-field 

microscope for 8 weeks (Postic et al., 2000). The 

contamination was controlled by passing the medium 

throw filter of 0.45 μm and 0.22 μm. Finally, Positive 
cultures were purified and sub-cultured in EMJH 

medium. 

 
Statistical analysis 
 To determine if there were any statistically 

significant relationships between the sero-positivity and 

other factors such as sex, age, rat’s species and different 

trap areas, Chi-square analysis was used with a 

confidence interval of 95%. Difference was considered 

significant when P<0.05. The data were analyzed using 

Excel® 2007. 

 Confidence interval of 95% was calculated according 

to the formula (Thierry, 2012): 

PQ/NZαIC =  
 

Where, 
P: The observed frequency 

Q= 1-P 

Zα = 1.96 

N: The sample size 

 

Results 
 

Microscopic agglutination test 
 In total, antibodies were detected in 43 of the 100 rat 

serum samples (43%, 95% CI: 33.3%-52.7%), among 

which 20 sera reacted to only one serovar, 18 sera 

reacted to multiple serovar with an infecting serovar as 

the one giving the highest titer (O’Keefe et al., 2002; 

Geisen et al., 2007) and 5 sera reacted to multiple 

serovar with no dominant serovar. In total, 94 reactions 

were recorded by MAT (Fig. 2). 

 

 
 

Fig. 2: Frequency of infection of samples positive to each 

serovar tested. The number of samples positive to each serovar 

adds up to more than the actual total number of samples tested 

because many samples were positive to more than one serovar. 

Number of reactions by MAT to each serovar (total reactions 

94) 

 

 The proportions of the predominant infecting 

serogroups were: Icterohaemorrhagiae (11%, 11/100), 

Canicola (6%, 6/100), Grippotyphosa and Australis (3%, 

3/100) (Table 2). The highest antibody titer was register 

for serovar Canicola 1:2560. However, for other 

serovars, the titer comprised among 20 to 640 (Table 3). 

Concerning the 23 sera reacting to multiple serovars 74 

reactions were recorded (Table 4). 

 Of 100 captured rats, twenty two (22+/53) females, 

twenty one (21+/47) males, thirty two (32+/73) adults, 

eleven (11/27) subadults, six (6+/12) Rattus rattus and 

thirty seven (37+/88) Rattus norvegicus were positive by 

MAT (Table 5). 

 According to the Chi-square analysis, there was no 

statistical association between MAT sero-positive rates 

and sex (P=0.75), age of rodents (P=0.78), and rodent’s 
species (P=0.6) (Table 5). 
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Table 2: Number of significant reactions to the infecting 

serovar (number of rats with determined infecting serovar 38) 

Serogroup Serovar 
Infecting 

serovar (38 rats) 

Icterohaemorrhagiae Icterohaemorrhagiae verdun 9 

Icterohaemorrhagiae 2 

Canicola Canicola 6 

Grippotyphosa Grippotyphosa 3 

Australis Australis 3 

Panama Panama 2 

Sarmin Sarmin 2 
Louisiana Louisiana 2 

Mini Mini 2 

Automnalis Automnalis 1 

Bataviae Bataviae 1 

Sejroe Sejroe 1 

Ballum Castellonis 1 

Shermani Shermani 1 
Pomona Pomona 1 

Semaranga Patoc 1 

The infecting serovar: the only serovar reacted to MAT or 

servovar with highest titer 

 

 However, according to the type of habitat, positive 

MAT rate register in rats captured in urban area (32+/63) 

seemed to be higher than the rate register in rats captured 

in rural area (11+/37) (P=0.04) (Table 5). 

 

Culture results 
 From the 100 rats, 8 rats were positive by EMJH’s 
culture for at least one organ (kidney or liver) including 

five Rattus norvegicus and three Rattus rattus. The 

prevalence was thus 8% (95% CI: 2.68%-13.32%), 

among which, 4 (4%) rats had positive kidney culture 

(all were R. norvegicus), 2 (2%) had positive liver 

culture (both were R. rattus) and finally, 2 (2%) rats had 

both organs positive culture including one R. rattus and 

one R. norvegicus. 

 
Table 4: Number of reactions to multiple serovars (number of 

sera 23) 

Serogroups Serovars 
Number of 

reactions 

Australis Australis 00 
Autumnalis Autumnalis 01 

Bataviae Bataviae 05 

Canicola Canicola 09 
Ballum Castellonis 00 

Cynopteri Cynopteri 02 

Grippotyphosa Grippotyphosa 02 
Hebdomadis Hebdomadis 00 

Sejroe Sejroe 

Hardjo 

04 

00 
Icterohaemorrhagiae Icterohaemorrhagiae 

Icterohaemorrhagiae verdun 

05 

11 

Panama Panama 06 
Louisiana Louisiana 02 

Pomona Pomona 04 

Pyrogenes Pyrogenes 04 
Tarassovi Tarassovi 04 

Celledoni Celledoni 00 

Djasiman Djasiman 00 
Mini Mini 05 

Sarmin Sarmin 06 

Shermani Shermani 01 
Javanica Javanica 00 

Semaranga Patoc 03 

Total  74 

 
 Among the eight positive rat tissue cultures, three 

(3/8) were negative by MAT and five (5/8) were 

positive, among their sera, 3 reacted to 

Icterohaemorrhagiae serougroup, 1 to seroupgoup Mini 

and 1 to both serogroups Canicola and Bataviae. 

 
Table 3: Antibody maximum and minimum titers to various Leptospira serovars in the serum of rats, as assessed by MAT 

Serogroup Serovar Number of positive reactions Titres Min-Max 

Australis Australis 3 40-320 

Autumnalis Autumnalis 2 20-40 

Bataviae Bataviae 6 20-40 

Canicola Canicola 9 160-2560 

Ballum Castellonis 1 20 

Cynopteri Cynopteri 2 20 

Grippotyphosa Grippotyphosa 4 20-80 

Hebdomadis Hebdomadis 0 0 

Sejroe Sejroe 4 20-320 

Hardjo 0 0 

Icterohaemorrhagiae Icterohaemorrhagiae 7 20-80 

Icterohaemorrhagiae verdun 14 20-640 

Panama Panama 8 20-40 

Louisiana Louisiana 3 20-640 

Pomona Pomona 4 20-40 

Pyrogenes Pyrogenes 4 20-80 

Tarassovi Tarassovi 4 20-80 

Celledoni Celledoni 0 0 

Djasiman Djasiman 0 0 

Mini Mini 6 20-80 

Sarmin Sarmin 8 20-40 

Shermani Shermani 2 20-40 

Javanica Javanica 0 0 

Semaranga Patoc 3 80-160 

Total / 94 / 
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Table 5: Chi-square analysis of risk factors associated with Leptospira seroprevalence 

Independent variable Categories 
Total number of 

captured rats 
Total number of 

positive rats 
Percentage of 

positive rats (%) 
Confidence interval 

(95% CI) 
P-value 

Sex Female 53 22 41.51 28.21-54.81 0.75 

Male 
 

47 21 44.68 30.48-58.89 

Age Adult 73 32 43.83 32.43-55.23 0.78 

Sub-adult 
 

27 11 40.74 21.97-59.24 

Rat’s species Rattus Norvegicus 88 37 42.06 31.76-52.36 0.60 
Rattus Rattus 

 

12 6 50 21.7-78.3 

Habitat Urban 63 32 50.79 38.45-63.13 0.04 

Rural 
 

37 11 29.73 15-44.46 

Total  100 43 / / / 

 

Discussion 
 

Microscopic agglutination test 
 Molecular tools present a high sensitivity and 

specificity (Hamond et al., 2014) and have the advantage 

to detect Letospira DNA without requiring a viable 

organism and even before the serological reaction has 

been set (Waggoner and Pinsky, 2016). However, MAT 

can give a general impression of the serogroups/serovars 

circulating among populations; therefore, it is considered 

as the suitable test to use in a sero-epidiomiological 

surveys (Levett, 2001). 

 Among 100 captured rats, 43 were positive by MAT 

for at least one serovar, the seroprevalence was thus 43% 

(95% CI: 33.3%-52.7%). Comparing our seroprevalence 

to those reported in rats in some neighborhood region. 

Our seroprevalence is much higher than the one 

conducted in Tunisia (7.3%) (Lazuga and Bonnefous, 

1962) and in Mahala city, Egypt 14% (Felt et al., 2011). 

However, it is lower than those reported in Nigeria on 

Rattus Norvegicus (76.9%) (Udechukwu et al., 2021) 

and in another study conducted in Egypt on rats (75.9%) 

(Samir et al., 2015). The comparison of prevalence is 

however complicated because of the different laboratory 

methods admitted in each study, the sample size used, 

the climatic conditions and the different cut off used for 

MAT. 

 The serogroup Icterohaemorrhagiae has been found 

to be the most prevalent infecting serogroup 11% 

(11/100). This finding confirms the role of rats as the 

main reservoir for this serogroup (Bharti et al., 2003; 

Vinetz et al., 2005), moreover, Icterohaemorrhagiae is a 

serougroup found to be responsible of the majority of 

human leptospirosis cases (Picardeau, 2013) and was 

also the dominant serogroup detected in human cases in 

Algeria (Afiri, 2013; Afiri et al., 2013). In addition to 

serology, Icterohaemorrhagiae has also been identified in 

Rattus species by molecular tools, in France, using multi-

spacer sequence typing (MST) (Ayral et al., 2015; 

Garcia-Lopez et al., 2024) and in Serbia (Gajdov et al., 

2024) using multi-locus sequence typing (MLST). 

 The second predominant serogroup was Canicola. 

According to the literature, dogs are likely its common 

reservoir (Bharti et al., 2003; Perez-Garcia et al., 2022), 

this observation makes us believe that there is a close 

cohabitation between dogs and rats in the study area. 

 Most of the serums reacted to more than one serovar, 

with some reacted to Patoc serovar. In fact, the serovars 

used for MAT in our study are not locally isolated; 

knowing that, the locally isolated strain increase for best 

the sensitivity of the test (Levett, 2001). 

 No statistical difference was recorded in antibodies’ 
prevalence between female and male rats (P=0.75), our 

results are in agreement with the studies conducted on 

rats in Vietnam and in Iran (Bahman et al., 2013; Loan et 

al., 2015). No difference in the seo-prevalence was 

register too between adult and sub-adult rats (P=0.78). In 

fact, rats live hierarchically in colonies (Schweinfurth, 

2020). As a result, both sexes are similarly exposed to 

Leptospira infection (Sharma et al., 2019), as well as all 

rats of different age. 

 Rattus norvegicus were as infected as R. nattus 

(P=0.41). However, according to Boey et al. (2019), 

seroprevalece of Leptospira spp. in R. norvegicus is 

generally higher than in R. nattus worldwide. In our 

study, only twelve R. nattus were captured, the small 

simple size of captured R. nattus is therefore insufficient 

to confirm our finding. 

 According to Chi-square analysis, rats captured in 

urban areas were more infected than those captured in 

rural area (P=0.04), effectively. The high density of rats 

in urban areas associated with stagnant water could 

facilitate the spread of leptospires among rats (Boey et 

al., 2019). 

 

Leptospira culture 
 Culture can allow a definitive identification of the 

infecting serovar (Herbreteau et al., 2011); however, the 

preparation of the medium is technically difficult and 

expensive (Bharti et al., 2003) with low sensitivity rate 

(Limmathurotsakul et al., 2012). In addition, getting 

positive cultures in natural infected specimens is difficult 

because of the presence of microorganisms con-

taminating the samples and the need of time between 

sampling and laboratory processing (Thiermann, 1984). 

Moreover, to increase the rate of positivity, the ideal was 

to use two types of culture for each sample, one with 

antibiotic and the other without antibiotic (Kosossey-

Vrain, 2004). Furthermore, three decimal dilutions of the 

initial culture should be incubated (1/10, 1/100 and 

1/1000) (WHO, 2003); however, as mentioned before, 

such protocol is technically expensive to realize. In our 

study, the choice was to not use antibiotic since 

antibiotic can in parallel reduce the growth of Leptospira 
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(WHO, 2003); the contamination was therefore 

controlled by passing the culture medium throw filter of 

0.45 μm and 0.22 μm (Postic et al., 2000). Besides, for 

each tissue’s culture, only one decimal dilution (1/10) 
was unfortunately used. 

 In our study, Leptospira was isolated from kidneys 

and livers of 8 rats. However, to confirm the shedding 

status, culture should be done on urine samples since 

when, leptospires are excreted in urine intermittently 

(Athapattu et al., 2019), luckily, a later study was 

conducted by real-time PCR in the same area, the study 

has confirmed the carrying and the shedding status of 

rats with a prevalence of 40.6% (Lekhal et al., 2022). 

 Among the 8 positive cultures, 3 were negative by 

MAT. The seronegativity associated to positive culture 

specimens suggests that rats chronically infected with L. 

interrogans may become negative by serology (Di 

Azevedo and Lilenbaum, 2021), or, simply, the infecting 

serovar was not included in the panel of the MAT test 

(Scialfa et al., 2013). However, for the rest of positive 

cultures (5/8), the MAT titers were proportionally low 

(from 20 to 320), effectively, the circulating antibodies 

do not always correspond to the strain of Leptospira 

present in kidneys (Villanueva et al., 2010). 

 For the best of our knowledge, this is the first study 

highlighting the importance of rats as reservoir host of 

Leptospira pathogen by serology and by culture in the 

city of Blida; Algeria. The serogroup 

Icterohaemorrhagiae was the predominant infecting 

serovar. 

 Leptospires were isolated from kidney and or liver 

confirming; therefore, the carrying status of rats in the 

study area. 

 Further surveys should be done targeting other 

animal species and other areas of the country by using 

molecular tools such real-time PCR, sequencing and 

genotyping to understand for better the epidemiology of 

the transmission of the bacteria and to evaluate the risk 

of transmission to human for the adaptation of an 

effective prophylactic measures. 
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