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A systematic review of the published literature on bacterial resistance in Central Africa between 1955 and 2008 was performed. Eighty-three publications from seven countries were retrieved, the majority presenting data on enteric and other Gramnegative pathogens. Despite methodological limitations in many studies, alarming resistance rates are noted in nearly all pathogens. Of special concern are multidrug resistance in Shigella and Salmonella spp. and the emergence of meticillin-resistant Staphylococcus aureus, high-level penicillin-resistant Streptococcus pneumoniae and extended-spectrum -lactamases among Gram-negative pathogens. These findings make clear that the Central African region shares the worldwide trend of increasing antimicrobial resistance and is in urgent need of sound surveillance based on competent and affordable microbiology to provide clear data on antimicrobial resistance. These data could enable redaction of local treatment guidelines and fuel national and regional policies to contain antimicrobial resistance.

Introduction

Developing countries face substantial problems of antimicrobial resistance.

Contributing factors include those involving the public (e.g. self-medication), prescriber (e.g. misinformation, absence of diagnostic tools) and dispenser (e.g. over-the-counter use, inadequate storage, use of expired drugs) [START_REF] Byarugaba | A view on antimicrobial resistance in developing countries and responsible risk factors[END_REF][START_REF] Okeke | Socioeconomic and behavioral factors leading to acquired bacterial resistance to antibiotics in developing countries[END_REF]. Correct knowledge of actual resistance patterns is the cornerstone of successful containment of antimicrobial resistance. Good quality data are available from more affluent and transitory countries (e.g. in Latin America [START_REF] Sader | SENTRY Participants Group (Latin America). SENTRY antimicrobial surveillance program report: Latin American and Brazilian results for 1997 through 2001[END_REF] and Asia [START_REF] Song | Macrolide resistance and genotypic characterization of Streptococcus pneumoniae in Asian countries: a study of the Asian Network for Surveillance of Resistant Pathogens (ANSORP)[END_REF][START_REF] Bell | SENTRY Antimicrobial Surveillance Program Asia-Pacific region and South Africa[END_REF]), but there is little information available from many countries in sub-Saharan Africa, especially from the Central African region. Thus, a systematic review was performed to compile the available information on bacterial resistance in this region.

Materials and methods

The region of Central Africa was considered as described in the United Nation's geoscheme [START_REF]Standard country and area codes classification (M49)[END_REF], comprising the countries Cameroon, Chad, Gabon, São Tomé e Príncipe, Congo-Brazzaville, Democratic Republic of the Congo (DRC) (formerly Zaire), the Central African Republic (CAR), Angola and Equatorial Guinea. The study focused on bacterial pathogens, excluding Mycobacterium tuberculosis and agents causing sexually transmitted infections. Relevant literature was identified from the PubMed online database of the US National Library of Medicine. Search terms included 'bacterial resistance', 'antibiotic use', 'antimicrobial resistance' and 'bacterial surveillance' combined with the different countries and 'Central Africa'. Bibliographies of all relevant papers were searched to identify further papers. A similar search was also performed in the Medical Literature on Central Africa database at the library of All articles were reviewed by at least two authors. Only publications listing original data on bacterial resistance in humans were included. Studies were further assessed for design, setting, demographic data and microbiological methodology. Studies reporting archived results of susceptibility testing as part of routine clinical care were categorised as retrospective laboratory studies, and studies addressing a particular clinical condition (e.g. meningitis) were termed clinical studies. Surveillance studies were considered as those complying with the World Health Organization (WHO) surveillance standards [START_REF]Surveillance standards for antimicrobial resistance[END_REF], i.e. studies focusing on a particular pathogen carried out by a reference laboratory and/or a network of sentinel laboratories.

The WHO criterion of 48 h hospital admission was used for the distinction between community-and hospital-acquired (nosocomial) infections. If no data on duration of hospital admission were mentioned, the categories as mentioned by the authors were used. 

Overview of study design, study setting and microbiological methods

A total of 173 articles published between 1954 and 2008 were retrieved, of which 83 were eligible for inclusion in the review. The majority of these publications originated from DRC (n = 37, including 3 publications on data from Rwandese and Congolese patients during cross-border epidemics), followed by CAR (n = 15) and Cameroon (n = 14) (Fig. 1). More than one-half (43/83; 51.8%) of the studies were surveillance studies, the majority of them studying enteric pathogens ( Among the studies that mentioned the patients' age groups, there was a predominance of studies on or involving children (40/50; 80.0%). The origin of infection was clearly retrievable in 56 studies, most of which (52/56; 92.9%) described community-acquired infections, and only 4 studies explicitly addressed nosocomial infections [10][START_REF] Ndip | Antibiogram of Klebsiella pneumoniae isolates from Buea, Cameroon[END_REF][START_REF] Gangoué-Pieboji | Extended-spectrum--lactamase-producing Enterobacteriaceae in Yaounde, Cameroon[END_REF][START_REF] Bercion | Surgical site infection survey in the orthopaedic surgery department of the "Hôpital communautaire de Bangui," Central African Republic[END_REF]. Co-morbidity was stated in only five studies, mainly human immunodeficiency virus (HIV) and sickle cell anaemia [START_REF] Bekondi | Primary and opportunistic pathogens associated with meningitis in adults in Bangui, Central African Republic, in relation to human immunodeficiency virus serostatus[END_REF][START_REF] Kassa-Kelembho | Bacteremia in adults admitted to the Department of Medicine of Bangui Community Hospital (Central African Republic)[END_REF][START_REF] Okome-Nkoumou | Causes of adult acute bacterial diarrhea in an internal medicine department in Libreville, Gabon [in French][END_REF][START_REF] Bileckot | Microbiology and prognosis of septic arthritis in Brazzaville[END_REF][START_REF] Okome-Nkoumou | Typhoid and paratyphoid fever in adults in the Internal Medicine Department at Libreville (Gabon)[END_REF].

A research or reference laboratory was involved in 58 (69.9%) of the 83 studies, the vast majority of which addressed Vibrio cholerae and Shigella spp. Faeces were the most frequently studied clinical sample (42/83; 50.6%), followed by blood (19/83; 22.9%) and cerebrospinal fluid (CSF) (18/83; 21.7%).

The methodologies of antibiotic susceptibility testing were described in 71 studies (85.5%), including mainly the disk diffusion method (60/83; 72.3%) and the agar dilution method (17/83; 20.5%). Broth dilution and Etest were performed in four and three studies, respectively. Batch testing with the agar dilution method was mainly used by reference laboratories assessing outbreaks of V. cholerae and Shigella spp.

Only 31 (37.3%) of 83 studies mentioned a reference method such as the Kirby-Bauer method (or its modifications) or the methods of the CLSI [START_REF]Basic laboratory procedures in clinical bacteriology[END_REF] or the French Society for Microbiology [START_REF] Soussy | Antibiogram Committee of the French Microbiology Society. Report 2000-2001[END_REF]. Use of control stains and participation in external quality programmes were mentioned in only 14 and 3 studies, respectively. Only 5 1) [10,[START_REF] Bileckot | Microbiology and prognosis of septic arthritis in Brazzaville[END_REF][START_REF] Tetanye | Initial treatment of bacterial meningitis in Yaounde, Cameroon: theoretical benefits of the ampicillin-chloramphenicol combination versus chloramphenicol alone[END_REF][START_REF] Takaïsi | Résistance aux antibiotiques des Entérobactéries et des Staphylococques isolés en milieu hospitalier de la ville de Kinshasa[END_REF][START_REF] Bahwere | Community-acquired bacteremia among hospitalized children in rural central Africa[END_REF][START_REF] Burchard | Study of bacterial sensitivity in a Lambaréné hospital (Gabon) [in French][END_REF][START_REF] Nyembwe | Profil de la méthicillinorésistance de Staphylococcus à Kinshasa et implications dans l'hygiène hospitalière[END_REF][START_REF] Delcour | Staphylococci and antibiotics[END_REF][START_REF] Bercion | Acute bacterial meningitis at the 'Complexe Pédiatrique' of Bangui, Central African Republic[END_REF] Resistance data for S. aureus were reported in nine studies, including three surveillance studies and six clinical studies from urban hospitals. Although a wide range of samples (pus, wounds, urine and CSF) was addressed from mixed origins (community, nosocomial), only one study considered blood cultures [START_REF] Bahwere | Community-acquired bacteremia among hospitalized children in rural central Africa[END_REF]. Of note is that in some studies panels for susceptibility testing were not in accordance with WHO surveillance standards, e.g. did not contain oxacillin or an equivalent antibiotic [START_REF] Bahwere | Community-acquired bacteremia among hospitalized children in rural central Africa[END_REF].

Resistance rates for different species

As can be seen in Table 1, the presence of meticillin-resistant S. aureus (MRSA) was examined in six studies. Kesah 2) [START_REF] Bekondi | Primary and opportunistic pathogens associated with meningitis in adults in Bangui, Central African Republic, in relation to human immunodeficiency virus serostatus[END_REF][START_REF] Kassa-Kelembho | Bacteremia in adults admitted to the Department of Medicine of Bangui Community Hospital (Central African Republic)[END_REF][START_REF] Tetanye | Initial treatment of bacterial meningitis in Yaounde, Cameroon: theoretical benefits of the ampicillin-chloramphenicol combination versus chloramphenicol alone[END_REF][START_REF] Bercion | Acute bacterial meningitis at the 'Complexe Pédiatrique' of Bangui, Central African Republic[END_REF][START_REF] Fonkoua | Bacterial meningitis in Yaounde (Cameroon) in 1999-2000[END_REF][START_REF] Kokindombo | Purulent meningitis due to Flavobacterium meningosepticum in Cameroonian children[END_REF][START_REF] Mumba | Sérotypes et pharmacorésistance des pneumocoques isolés chez les porteurs sains: étude préliminaire[END_REF][START_REF] Ndoyo | Antibiotic resistance among nasopharyngeal isolates of Streptococcus pneumoniae and Haemophilus influenzae-Bangui, Central African Republic, 1995[END_REF][START_REF] Okome-Nkoumou | Data on the etiology of bacterial infection in Libreville between 1992 and 1996[END_REF][START_REF] Mefo | Les meningitis purulentes de l'enfant au Nord-Cameroun: aspects épidemiologiques, diagnostics et évolutifs[END_REF][START_REF] Koko | Antibiotic sensitivity of bacteria responsible for acute meningitis in children in Libreville (Gabon)[END_REF] Data were found in 11 studies conducted between 1990 and 2008, mainly in urban children. Clinical samples were predominantly from CSF (8/11; 72.7%); one study described blood cultures isolates [START_REF] Kassa-Kelembho | Bacteremia in adults admitted to the Department of Medicine of Bangui Community Hospital (Central African Republic)[END_REF]. Another two studies described surveillance in nasopharyngeal isolates from healthy and sick children [START_REF] Mumba | Sérotypes et pharmacorésistance des pneumocoques isolés chez les porteurs sains: étude préliminaire[END_REF][START_REF] Ndoyo | Antibiotic resistance among nasopharyngeal isolates of Streptococcus pneumoniae and Haemophilus influenzae-Bangui, Central African Republic, 1995[END_REF].

Overall, low numbers of isolates were studied (range 7-272; median 34); only 4/11 studies tested more than 50 isolates. Penicillin was tested in eight studies, of which only four distinguished between 'intermediate' and 'high-level' resistance. Although rates of intermediate resistance to penicillin were reported up to 67.0%, high-level resistance remained <6% overall. Notable resistance rates were those for SXT (up to 69%) and chloramphenicol (up to 60%).

Gram-negative bacteria

4.2.1. Shigella spp. [START_REF] Okome-Nkoumou | Causes of adult acute bacterial diarrhea in an internal medicine department in Libreville, Gabon [in French][END_REF][START_REF] Bitwe | Epidémies de dysentérie bacillaire dans la région de Lwiro au Sud-Kivu (1993-1994): étude de la chimiorésistance de Shigella aux antibiotiques[END_REF][START_REF] Frost | Plasmid characterization of drug-resistant Shigella dysenteriae 1 from an epidemic in Central Africa[END_REF][START_REF] Bercion | Molecular epidemiology of multidrug-resistant Shigella dysenteriae type 1 causing dysentery outbreaks in Central African Republic, 2003-2004[END_REF][START_REF] Ebright | Epidemic Shiga bacillus dysentery in Central Africa[END_REF][START_REF] Cavallo | Antibiotic sensitivity to epidemic strains of Vibrio cholerae and Shigella dysenteriae 1 isolated in Rwandan refugee camps in Zaire [in French][END_REF][START_REF] Frost | Plasmid characterisation in the investigation of an epidemic caused by multiply resistant Shigella dysenteriae type 1 in Central Africa[END_REF][START_REF] Islam | Microbiological investigation of diarrhoea epidemics among Rwandan refugees in Zaire[END_REF][START_REF] Malengreau | Outbreak of Shigella dysentery in Eastern Zaire, 1980-1982[END_REF][START_REF] Cunin | An epidemic of bloody diarrhea: Escherichia coli O157 emerging in Cameroon?[END_REF][START_REF] Kashemwa | Shigella and Salmonella of the Kivu region (Zaire) [in French][END_REF][START_REF] Omanga | Bacterial septicemias in children with homozygous sickle cell anemia. Analysis of 69 cases[END_REF][START_REF] Frost | Acquisition of trimethoprim resistance in epidemic strain of Shigella dysenteriae type 1 from Zaire[END_REF][START_REF] Health Organization | Shigellosis surveillance; drug resistant shiga strains[END_REF][START_REF] Lunguya | Sérotypes et pharmacorésistance des Salmonella et Shigella à Kinshasa (1994-1999)[END_REF][START_REF] Vandepitte | Shigellosis at Leopoldville. Bacteriologic and epidemiologic aspects [in French][END_REF][START_REF] Verselder | Bacillary dysentery in Stanleyville; clinical and epidemiological importance of the therapeutic resistance of certain Shigella cultures [in French][END_REF][START_REF] Milleliri | Epidemic of bacillary dysentery in the Rwanda refugee camps of the Goma region (Zaire, North Kivu) in August 1994 [in French][END_REF][START_REF] Bercion | Distribution and antibiotic susceptibility of Shigella isolates in Bangui, Central African Republic[END_REF] Eighteen studies were found, mainly from rural DRC (12/18; 66.7%) and published between 1955 and 2006. Two-thirds reported on outbreak investigations, and Shigella dysenteriae type 1 was the predominant serotype (15/18 studies).

Occasionally, samples from blood, CSF or pus were included [START_REF] Okome-Nkoumou | Causes of adult acute bacterial diarrhea in an internal medicine department in Libreville, Gabon [in French][END_REF][START_REF] Lunguya | Sérotypes et pharmacorésistance des Salmonella et Shigella à Kinshasa (1994-1999)[END_REF]. Multiresistant Shigella isolates emerged in the late 1970s. A survey from Kinshasa (DRC) in 1964 demonstrated resistance to two or more antibiotics in 10% of 368 strains. In 1979, spread of a clone with plasmid-mediated resistance to ampicillin, chloramphenicol, streptomycin, sulphonamides and tetracycline was noted in Eastern Zaire (now DRC) [START_REF] Frost | Plasmid characterization of drug-resistant Shigella dysenteriae 1 from an epidemic in Central Africa[END_REF][START_REF] Frost | Plasmid characterisation in the investigation of an epidemic caused by multiply resistant Shigella dysenteriae type 1 in Central Africa[END_REF][START_REF] Frost | Acquisition of trimethoprim resistance in epidemic strain of Shigella dysenteriae type 1 from Zaire[END_REF][START_REF] Health Organization | Shigellosis surveillance; drug resistant shiga strains[END_REF] and 2 years later 75% of the strains showed additional trimethoprim after the discontinuation of mass treatment with nalidixic acid [START_REF] Malengreau | Outbreak of Shigella dysentery in Eastern Zaire, 1980-1982[END_REF]. Several reports described the large outbreak of S. dysenteriae dysentery among Rwandese refugees after the 1994 civil war [START_REF] Bitwe | Epidémies de dysentérie bacillaire dans la région de Lwiro au Sud-Kivu (1993-1994): étude de la chimiorésistance de Shigella aux antibiotiques[END_REF][START_REF] Cavallo | Antibiotic sensitivity to epidemic strains of Vibrio cholerae and Shigella dysenteriae 1 isolated in Rwandan refugee camps in Zaire [in French][END_REF][START_REF] Islam | Microbiological investigation of diarrhoea epidemics among Rwandan refugees in Zaire[END_REF][START_REF] Milleliri | Epidemic of bacillary dysentery in the Rwanda refugee camps of the Goma region (Zaire, North Kivu) in August 1994 [in French][END_REF], reporting similar patterns of multidrug resistance including nalidixic acid and trimethoprim, leaving the newer fluoroquinolones as a treatment option. Bercion et al. [START_REF] Bercion | Molecular epidemiology of multidrug-resistant Shigella dysenteriae type 1 causing dysentery outbreaks in Central African Republic, 2003-2004[END_REF] and Cunin et al. [START_REF] Cunin | An epidemic of bloody diarrhea: Escherichia coli O157 emerging in Cameroon?[END_REF] described similar outbreaks in CAR and Cameroon, respectively. Even outside the epidemic context, the prevalence of multidrug-resistant strains was found to be >50% in recent reports from Kinshasa (DRC) [START_REF] Lunguya | Sérotypes et pharmacorésistance des Salmonella et Shigella à Kinshasa (1994-1999)[END_REF] and Bangui (CAR) [START_REF] Bercion | Distribution and antibiotic susceptibility of Shigella isolates in Bangui, Central African Republic[END_REF]. [START_REF] Okome-Nkoumou | Causes of adult acute bacterial diarrhea in an internal medicine department in Libreville, Gabon [in French][END_REF][START_REF] Okome-Nkoumou | Typhoid and paratyphoid fever in adults in the Internal Medicine Department at Libreville (Gabon)[END_REF][START_REF] Kashemwa | Shigella and Salmonella of the Kivu region (Zaire) [in French][END_REF][START_REF] Lunguya | Sérotypes et pharmacorésistance des Salmonella et Shigella à Kinshasa (1994-1999)[END_REF][START_REF] Nkuo-Akenji | Asymptomatic salmonellosis and drug susceptibility in the Buea District, Cameroon[END_REF][START_REF] Laroche | Typhoid fever at Bangui (Centrafrican Empire). 100 cases [in French][END_REF][START_REF] Georges | Parasitic, bacterial, and viral enteric pathogens associated with diarrhea in the Central African Republic[END_REF][START_REF] Koko | Salmonella meningitis in children in Libreville. Retrospective study of 9 cases [in French][END_REF][START_REF] Okome-Kouakou | Salmonellosis in HIV infection in a hospital setting in Gabon [in French][END_REF][START_REF] Mashako | Salmonella infections in Kinshasa: the species involved and sensitivity to antibiotics[END_REF][START_REF] Kariuki | Typing of Salmonella enterica serotype Paratyphi C isolates from various countries by plasmid profiles and pulsed-field gel electrophoresis[END_REF][START_REF] Goossens | In-vitro susceptibility of salmonellae to antimicrobial agents[END_REF][START_REF] Muyembe | Epidemiology and drug resistance of Salmonella infections in Kinshasa 1974-1975[END_REF] (Table 3) Thirteen studies between 1973 and 2005 addressed S. Typhi, mainly in urban settings in DRC and Gabon (10/13; 76.9%). Six of them were surveillance studies [START_REF] Kashemwa | Shigella and Salmonella of the Kivu region (Zaire) [in French][END_REF][START_REF] Lunguya | Sérotypes et pharmacorésistance des Salmonella et Shigella à Kinshasa (1994-1999)[END_REF][START_REF] Nkuo-Akenji | Asymptomatic salmonellosis and drug susceptibility in the Buea District, Cameroon[END_REF][START_REF] Kariuki | Typing of Salmonella enterica serotype Paratyphi C isolates from various countries by plasmid profiles and pulsed-field gel electrophoresis[END_REF][START_REF] Goossens | In-vitro susceptibility of salmonellae to antimicrobial agents[END_REF][START_REF] Muyembe | Epidemiology and drug resistance of Salmonella infections in Kinshasa 1974-1975[END_REF], of which five were conducted in DRC. Isolates were recovered from blood and faeces. Although mean resistance rates to amoxicillin, chloramphenicol and SXT were relatively low, there was a steeply increasing upward trend towards 50% resistance rates since the mid 1990s. Overall susceptibility for fluoroquinolones remained high. Only a single study [START_REF] Kariuki | Typing of Salmonella enterica serotype Paratyphi C isolates from various countries by plasmid profiles and pulsed-field gel electrophoresis[END_REF] tested resistance for nalidixic acid as a predictor for fluoroquinolone resistance: all 37 samples were sensitive. Combined resistance was described in at least three studies. In a paediatric bacteraemia study in the DRC, Kariuki et al. [START_REF] Kariuki | Typing of Salmonella enterica serotype Paratyphi C isolates from various countries by plasmid profiles and pulsed-field gel electrophoresis[END_REF] found resistance to five or more first-line antibiotics in >95% of the isolates. 4)

Salmonella spp.

Salmonella enterica serovar Typhi

The general study characteristics were similar to those reporting on S. Typhi, with five studies also addressing nosocomial infections. High mean resistance rates were noted for ampicillin (63.0%), chloramphenicol (42.9%) and the fluoroquinolones (16.8%). Resistance to SXT was relatively low (14.6%) and no resistance was noted to cefotaxime. Unlike S .Typhi, there was no clear temporal trend, except for SXT and the fluoroquinolones to which resistance emerged from 1999 onwards.

Multiresistance was reported frequently. In a 1973 study of a hospital outbreak in DRC, Kashemwa et al. [START_REF] Kashemwa | Shigella and Salmonella of the Kivu region (Zaire) [in French][END_REF] noted 24% of all NTS isolates to have combined resistance to ampicillin, streptomycin, kanamycin, tetracycline, chloramphenicol and sulfamethoxazole. Also in DRC, in 1977 Muyembe et al. [START_REF] Muyembe | Epidemiology and drug resistance of Salmonella infections in Kinshasa 1974-1975[END_REF] observed multiresistance in 76% of 1070 NTS isolates, of which >90% were co-resistant to at least five commonly used antibiotics. In a 1993 Congolese bacteraemia study, multiresistance was noted in 30% of all NTS; 90% of isolates were co-resistant to ampicillin, chloramphenicol, tetracycline, streptomycin, sulphonamides, streptomycin and SXT [START_REF] Green | Salmonella bacteraemia among young children at a rural hospital in western Zaire[END_REF]. Similar findings were described in Bangui (CAR) [START_REF] Mc | Serotypes, lysotypes and antibiotypes of 127 strains of Salmonella isolated in the Central African Republic: evaluation of 3378 samples taken in Bangui [in French][END_REF]. [START_REF] Cavallo | Antibiotic sensitivity to epidemic strains of Vibrio cholerae and Shigella dysenteriae 1 isolated in Rwandan refugee camps in Zaire [in French][END_REF][START_REF] Islam | Microbiological investigation of diarrhoea epidemics among Rwandan refugees in Zaire[END_REF][START_REF] Ceccarelli | New cluster of plasmid-located class 1 integrons in Vibrio cholerae O1 and a dfrA15 cassettecontaining integron in Vibrio parahaemolyticus isolated in Angola[END_REF][START_REF] Garrigue | Antibiotic resistance of strains of Vibrio cholerae eltor isolated in Douala (Cameroon) [in French][END_REF][START_REF] Germani | Emergence of cholera in the Central African Republic[END_REF][START_REF] Colaert | Antimicrobial susceptibility of Vibrio cholerae from Zaire and Rwanda[END_REF][START_REF] Aldighieri | The adaptation of therapeutic standards as a function of antibiotic sensitivity of strains of Shigella spp. isolated in Rwanda in 1997[END_REF][START_REF] Colombo | Tracking of clinical and environmental Vibrio cholerae O1 strains by combined analysis of the presence of toxin cassette, plasmid content and ERIC PCR[END_REF][START_REF] Massenet | Bacteriological aspects of cholera in Chad (1991 and 1994 epidemics) [in French][END_REF][START_REF] Ferreira | Resistance to antibiotics of Vibrio cholerae strains isolated in Angola [in French][END_REF][75] Eleven reports from nearly all countries in the region were available. Most were published in the second half of the 1990s, often describing outbreaks among refugees, all by V. cholerae O1 El Tor. Three studies from Chad, Cameroon and DRC noted little or no resistance [START_REF] Colaert | Antimicrobial susceptibility of Vibrio cholerae from Zaire and Rwanda[END_REF][START_REF] Massenet | Bacteriological aspects of cholera in Chad (1991 and 1994 epidemics) [in French][END_REF]75]. However, extensive and multidrug resistance was described from outbreaks in DRC (1995)(1996)(1997) with strains resistant to first-line drugs including ampicillin, tetracycline, doxycycline, SXT, nalidixic acid A c c e p t e d M a n u s c r i p t 11 and chloramphenicol. In the same period, similar findings were reported from neighbouring Angola [START_REF] Ceccarelli | New cluster of plasmid-located class 1 integrons in Vibrio cholerae O1 and a dfrA15 cassettecontaining integron in Vibrio parahaemolyticus isolated in Angola[END_REF][START_REF] Colombo | Tracking of clinical and environmental Vibrio cholerae O1 strains by combined analysis of the presence of toxin cassette, plasmid content and ERIC PCR[END_REF][START_REF] Ferreira | Resistance to antibiotics of Vibrio cholerae strains isolated in Angola [in French][END_REF]. Of nine studies testing ampicillin, seven showed high (≥84%) rates of resistance. For tetracycline and chloramphenicol, four of eight studies revealed very high (>90%) resistance rates. Isolates were resistant to sulphonamides or SXT in six and five of eight studies, respectively. 5) [START_REF] Takaïsi | Résistance aux antibiotiques des Entérobactéries et des Staphylococques isolés en milieu hospitalier de la ville de Kinshasa[END_REF][START_REF] Bahwere | Community-acquired bacteremia among hospitalized children in rural central Africa[END_REF][START_REF] Burchard | Study of bacterial sensitivity in a Lambaréné hospital (Gabon) [in French][END_REF][START_REF] Cunin | An epidemic of bloody diarrhea: Escherichia coli O157 emerging in Cameroon?[END_REF][START_REF] Gangoue-Pieboji | Antimicrobial activity against Gram negative bacilli from Yaounde Central Hospital, Cameroon[END_REF][START_REF] Hima-Lerible | Antimicrobial resistance among uropathogens that cause community-acquired urinary tract infections in Bangui, Central African Republic[END_REF][START_REF] Jalaluddin | Isolation and characterization of enteroaggregative Escherichia coli (EAggEC) by genotypic and phenotypic markers, isolated from diarrheal children in Congo[END_REF][START_REF] Presterl | Frequency and virulence properties of diarrheagenic Escherichia coli in children with diarrhea in Gabon[END_REF][START_REF] Eggert | The pathogen spectrum and its resistance behavior in children with urinary tract infections in Angola [in German][END_REF][START_REF] Tshiendenda | Etude "in vitro" de la sensibilité et de la résistance de Escherichia coli et Klebsiella pneumoniae au cours de la diarrhée infantile[END_REF][START_REF] Osterrieth | Note sur l'incidence des différents germes dans les urinocultures. Leur sensibilité aux antibiotiques[END_REF][START_REF] Tshiani | Infections urinaires en milieu tropical hospitalier. Une étude épidémiologique d'une bactériurie significative[END_REF][START_REF] Binda Ki Muaka | Etude clinique de l'infection des voies urinaires chez l'enfant en milieu hospitalier tropical[END_REF][START_REF] Zawisza-Zenkteler | Etude de l'activité in vitro de l'association sulfamethoxazole-triméthoprime sur les bactéries isolées d'infections urinaires à Kinshasa[END_REF] Most data on E. coli were retrieved from clinical or laboratory archives, predominantly from urine and faeces, and rarely from blood or pus. Two publications focused on enteroaggregative E. coli in children [START_REF] Jalaluddin | Isolation and characterization of enteroaggregative Escherichia coli (EAggEC) by genotypic and phenotypic markers, isolated from diarrheal children in Congo[END_REF][START_REF] Presterl | Frequency and virulence properties of diarrheagenic Escherichia coli in children with diarrhea in Gabon[END_REF], and Cunin et al. [START_REF] Cunin | An epidemic of bloody diarrhea: Escherichia coli O157 emerging in Cameroon?[END_REF] described a dysentery outbreak with E. coli 0157 in Cameroon. Overall, broad ranges of antibiotics were used for susceptibility testing and several inappropriate drugs (e.g. clindamycin, erythromycin, tetracycline and doxycycline) were tested [START_REF] Takaïsi | Résistance aux antibiotiques des Entérobactéries et des Staphylococques isolés en milieu hospitalier de la ville de Kinshasa[END_REF][START_REF] Burchard | Study of bacterial sensitivity in a Lambaréné hospital (Gabon) [in French][END_REF]. The reported and mean resistance rates were very high for all commonly used antibiotics but also for amoxicillin/clavulanic acid and first-generation cephalosporins.

Vibrio cholerae

Escherichia coli (Table

Resistance remained much lower for aminoglycosides, fluoroquinolones and nitrofurantoin, and no resistance to third-generation cephalosporins was reported by the cited authors with the exception of Gangoue-Pieboji et al. [START_REF] Gangoue-Pieboji | Antimicrobial activity against Gram negative bacilli from Yaounde Central Hospital, Cameroon[END_REF]. Data on multiresistance were recorded from DRC and Gabon by Jalaluddin et al. [START_REF] Jalaluddin | Isolation and characterization of enteroaggregative Escherichia coli (EAggEC) by genotypic and phenotypic markers, isolated from diarrheal children in Congo[END_REF] and Burchard and Wolff [START_REF] Burchard | Study of bacterial sensitivity in a Lambaréné hospital (Gabon) [in French][END_REF], respectively. The former described 10 different resistance patterns, with the most frequent pattern being combined resistance to tetracycline, ampicillin, chloramphenicol, streptomycin and chloramphenicol. Similarly, 26.7% of 86 isolates in the latter study combined resistance to ampicillin with doxycycline, SXT and chloramphenicol. 6) [START_REF] Ndip | Antibiogram of Klebsiella pneumoniae isolates from Buea, Cameroon[END_REF][START_REF] Takaïsi | Résistance aux antibiotiques des Entérobactéries et des Staphylococques isolés en milieu hospitalier de la ville de Kinshasa[END_REF][START_REF] Bahwere | Community-acquired bacteremia among hospitalized children in rural central Africa[END_REF][START_REF] Burchard | Study of bacterial sensitivity in a Lambaréné hospital (Gabon) [in French][END_REF][START_REF] Okome-Nkoumou | Data on the etiology of bacterial infection in Libreville between 1992 and 1996[END_REF][START_REF] Gangoue-Pieboji | Antimicrobial activity against Gram negative bacilli from Yaounde Central Hospital, Cameroon[END_REF][START_REF] Eggert | The pathogen spectrum and its resistance behavior in children with urinary tract infections in Angola [in German][END_REF][START_REF] Tshiendenda | Etude "in vitro" de la sensibilité et de la résistance de Escherichia coli et Klebsiella pneumoniae au cours de la diarrhée infantile[END_REF][START_REF] Tshiani | Infections urinaires en milieu tropical hospitalier. Une étude épidémiologique d'une bactériurie significative[END_REF][START_REF] Binda Ki Muaka | Etude clinique de l'infection des voies urinaires chez l'enfant en milieu hospitalier tropical[END_REF][START_REF] Zawisza-Zenkteler | Etude de l'activité in vitro de l'association sulfamethoxazole-triméthoprime sur les bactéries isolées d'infections urinaires à Kinshasa[END_REF] Eleven authors described resistance patterns in Klebsiella spp. from a variety of samples (blood, urine, respiratory, pus and faeces). Similar to E. coli, the source of information was archived clinical or laboratory data in large urban centres from a heterogeneous group of patients, covering the period 1976-2006. High resistance rates were noted for amoxicillin/clavulanic acid (52.9%), chloramphenicol (43.2%), gentamicin (47.7%) and SXT (80.3%). For fluoroquinolones and third-generation cephalosporins, resistance is emerging (7.4% and 3.3%, respectively). Susceptibility to carbapenems remained preserved. Ndip et al. (Cameroon) [START_REF] Ndip | Antibiogram of Klebsiella pneumoniae isolates from Buea, Cameroon[END_REF] and Burchard and Wolff (Gabon) [START_REF] Burchard | Study of bacterial sensitivity in a Lambaréné hospital (Gabon) [in French][END_REF] described multiresistance for (combinations of) ampicillin, doxycycline, SXT and chloramphenicol at 77.3% and 33%, respectively.

Presence of extended-spectrum -lactamase (ESBL)

Two authors focused on the presence of ESBLs in Gram-negative bacteria [START_REF] Gangoué-Pieboji | Extended-spectrum--lactamase-producing Enterobacteriaceae in Yaounde, Cameroon[END_REF][START_REF] Gangoue-Pieboji | Emergence of CTX-M-15-producing enterobacteria in Cameroon and characterization of a bla CTX-M-15 -carrying element[END_REF][START_REF] Frank | Extended-spectrum lactamase-producing Enterobacteriaceae, Central African Republic[END_REF]. Both used the double-disk method and studied miscellaneous Enterobacteriaceae, mostly E. coli and Klebsiella spp. Frank et al. in Bangui (CAR) [START_REF] Frank | Extended-spectrum lactamase-producing Enterobacteriaceae, Central African Republic[END_REF] described an ESBL prevalence of 4% among 450 Enterobacteriaceae isolates.

In addition, nearly 65% of the ESBL-producing isolates showed combined resistance to aminoglycosides, tetracycline and fluoroquinolones. In Cameroon, Gangoué-Pieboji et al. [START_REF] Gangoué-Pieboji | Extended-spectrum--lactamase-producing Enterobacteriaceae in Yaounde, Cameroon[END_REF] observed the presence of ESBL in 13 (14.3%) of 91 E. coli isolates and in 12 (18.8%) of 64 Klebsiella spp. tested. A large part (47-84%) of these isolates were of nosocomial origin. Most of them carried CTX-M-15 and SVH-12 and to a lesser extent CTX-M-3 and SHV 2a as the responsible gene. 7) [START_REF] Burchard | Study of bacterial sensitivity in a Lambaréné hospital (Gabon) [in French][END_REF][START_REF] Gangoue-Pieboji | Antimicrobial activity against Gram negative bacilli from Yaounde Central Hospital, Cameroon[END_REF][START_REF] Ndip | Pseudomonas aeruginosa isolates recovered from clinical and environmental samples in Buea, Cameroon: current status on biotyping and antibiogram[END_REF][START_REF] Nyembue | Bacteriology of chronic suppurative otitis media in Congolese children[END_REF] Four studies described resistance data from urine, pus and respiratory tract samples and the hospital environment; they included few invasive (blood) samples. At least one study included nosocomial samples [START_REF] Ndip | Pseudomonas aeruginosa isolates recovered from clinical and environmental samples in Buea, Cameroon: current status on biotyping and antibiogram[END_REF]. Resistance was not limited to gentamicin and piperacillin but also extended to fluoroquinolones and ceftazidime (15.5% and 32.2% mean resistance rates, respectively). Resistance to carbapenems was looked for in a single study and remained low (6%).

Multiresistance to clinically relevant antibiotics was assessed by Ndip et al. in

Cameroon [START_REF] Ndip | Pseudomonas aeruginosa isolates recovered from clinical and environmental samples in Buea, Cameroon: current status on biotyping and antibiogram[END_REF], who noted combined resistance to at least two antibiotics in all strains. Multidrug resistance to at least four antibiotics was as frequent as 41.2%. [START_REF] Bekondi | Primary and opportunistic pathogens associated with meningitis in adults in Bangui, Central African Republic, in relation to human immunodeficiency virus serostatus[END_REF][START_REF] Bercion | Acute bacterial meningitis at the 'Complexe Pédiatrique' of Bangui, Central African Republic[END_REF][START_REF] Fonkoua | Bacterial meningitis in Yaounde (Cameroon) in 1999-2000[END_REF][START_REF] Mefo | Les meningitis purulentes de l'enfant au Nord-Cameroun: aspects épidemiologiques, diagnostics et évolutifs[END_REF][START_REF] Lefevre | Moraxella (Acinetobacter) and meningeal syndrome. Isolation in Fort-Lamy (Chad) of 17 strains from the cerebrospinal fluid [in French][END_REF][START_REF]World Health Organization. Meningococcal disease, Chad[END_REF][START_REF] Niel | Chronicle of a declared meningococcal meningitis epidemic (Goma, Zaire, August 1994)[END_REF] Data between 1968 and 2008 were found, mainly from countries near to the meningitis belt (i.e. Chad, Cameroon). Unlike most other pathogens studied, resistance to all commonly used antibiotics was not demonstrated or was very low, although minimal inhibitory concentration (MIC) values were not reported and numbers studied were low. Most authors reported resistance data for penicillin [mean resistance rate 1/76 (1.3%)] and chloramphenicol [mean resistance rate 2/91 (2.2%)]. Some authors gave also resistance figures for rifampicin (no resistance noted in seven isolates tested) [START_REF]World Health Organization. Meningococcal disease, Chad[END_REF][START_REF] Niel | Chronicle of a declared meningococcal meningitis epidemic (Goma, Zaire, August 1994)[END_REF] and third-generation cephalosporins (2/61; 3.3%) [START_REF] Fonkoua | Bacterial meningitis in Yaounde (Cameroon) in 1999-2000[END_REF][START_REF] Niel | Chronicle of a declared meningococcal meningitis epidemic (Goma, Zaire, August 1994)[END_REF]. [START_REF] Tetanye | Initial treatment of bacterial meningitis in Yaounde, Cameroon: theoretical benefits of the ampicillin-chloramphenicol combination versus chloramphenicol alone[END_REF][START_REF] Bercion | Acute bacterial meningitis at the 'Complexe Pédiatrique' of Bangui, Central African Republic[END_REF][START_REF] Fonkoua | Bacterial meningitis in Yaounde (Cameroon) in 1999-2000[END_REF][START_REF] Ndoyo | Antibiotic resistance among nasopharyngeal isolates of Streptococcus pneumoniae and Haemophilus influenzae-Bangui, Central African Republic, 1995[END_REF][START_REF] Mefo | Les meningitis purulentes de l'enfant au Nord-Cameroun: aspects épidemiologiques, diagnostics et évolutifs[END_REF][START_REF] Koko | Antibiotic sensitivity of bacteria responsible for acute meningitis in children in Libreville (Gabon)[END_REF][START_REF] Rowe | Evaluation of the Etest as a means of determining the antibiotic susceptibilities of isolates of Streptococcus pneumoniae and Haemophilus influenzae from children in the Central African Republic[END_REF] and Moraxella catarrhalis [START_REF] Wolf | Genetic diversity among strains of Moraxella catarrhalis cultured from the nasopharynx of young and healthy Brazilian, Angolan and Dutch children[END_REF] Seven studies reported on H. influenzae strains, with the following mean resistance rates: ampicillin 34.3% (68/198) 

Gram-negative cocci 4.3.1. Neisseria meningitidis

Discussion and conclusion

In this study we reviewed published data on bacterial resistance in Central Africa.

There are several limitations to this study. First, the exploration of data was problematic. For logistical reasons we did not search the 'grey' literature. Owing to historical collaboration and institutional and private networks, some countries such as DRC and Cameroon were most represented; for Equatorial Guinea and São Tomé e Príncipe, no usable data were found. Second, at present we did not consider agents of mycobacterial and sexually transmitted infections.

Regarding the retrieved studies, several issues regarding epidemiological and microbiological methods must be mentioned. First, it should be noted that few studies were designed as prospective surveillance studies. Furthermore, many studies performed susceptibility testing on only a fraction of isolates recovered, and few studies mentioned selection of a single strain per patient and episode. Enteric pathogens (Shigella, Salmonella, Vibrio spp.) were far more represented than the other key pathogens. Only a few reports [10,[START_REF] Bercion | Surgical site infection survey in the orthopaedic surgery department of the "Hôpital communautaire de Bangui," Central African Republic[END_REF] addressed genuine nosocomial A c c e p t e d M a n u s c r i p t 15 and/or invasive isolates, which are notorious for their antimicrobial resistance even in developing countries [START_REF] Zaidi | Hospital-acquired neonatal infections in developing countries[END_REF]. On the other hand, urine, respiratory and wound samples from clinical studies might include a selection of difficult-to-treat infections and hence possibly present a bias toward resistant strains [START_REF] Blomberg | Antimicrobial resistance in urinary bacterial isolates from pregnant women in rural Tanzania: implications for public health[END_REF]. With regard to microbiological methods, few studies mentioned application of quality assurance in identification and susceptibility testing, and quantitative susceptibility data (e.g. MICs or inhibition diameters) were only rarely available. Likewise, distinction between intermediate and high-level resistance in case of S. pneumoniae was not always reported, and in several studies panels of antibiotics selected for testing were heterogeneous (making comparisons difficult) or even inappropriate. In Gram-positive pathogens data are even more scarce and heterogeneous. The real prevalence of colonising and invasive MRSA infections in this region remains unclear. The problem is under-screened and possibly underestimated.

Despite the limitations, several interesting observations can be made. The studies on

Penicillin resistance in S. pneumoniae was more consistently tested but was rarely expressed as intermediate or high-level resistance despite its relevance for future empirical antibiotic guidelines. High-level resistance was seen rarely but an increase in intermediate-level resistance was noted.

The present data should be a matter of concern and increased awareness, especially in view of their entanglement with other major health problems highly prevalent in the Central African region such as HIV/acquired immune deficiency syndrome (AIDS), tuberculosis, malnutrition and malaria. Bacterial infections often coincide or complicate the course of other health problems. Shifts in antibiotic use for one infection can jeopardise treatment options for another [START_REF] Von Gottberg | Group for Enteric, Respiratory and Meningeal Disease Surveillance in South Africa (GERMS-SA). Emergence of levofloxacin-non-susceptible Streptococcus pneumoniae and treatment for multidrug-resistant tuberculosis in children in South Africa: a cohort observational surveillance study[END_REF].

Therefore, there is need for genuine and integrated surveillance. Bacteriology as a diagnostic tool in individual patient management is probably not cost effective, but cohort-based surveys [START_REF] Archibald | Clinical microbiology in developing countries[END_REF] studying a limited set of key pathogens in selected Prerequisites for any type of laboratory surveillance are the implementation of quality-assured procedures and the availability of culture media, reagents and control strains of correct quality and at a reasonable cost. Most important, competent and dedicated laboratory staff collaborating closely with the medical and nursing staff are needed. Partnerships with laboratories in resource-rich countries [START_REF]Developing laboratory partnerships to detect infections and prevent epidemics[END_REF] may be helpful for local capacity building through teaching, providing feedback and performing more expensive or technically complex investigations on selected strains.

In conclusion, although the present data only give a glimpse of the antimicrobial resistance rates of bacteria in Central Africa, it is clear that this region shares the worldwide trend of increasing antimicrobial resistance. Sound surveillance based on competent and affordable microbiology is required to provide clear data on antimicrobial resistance, which in turn can enable redaction of local treatment guidelines and fuel national and regional policies to contain antimicrobial resistance.
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b Number of resistant strains/total number of strains in each study, expressed as %.

c Sum of all resistant organisms/sum of all organisms tested. a Countries and years of publication: Democratic Republic of the Congo (1973,1977,1984,1984,1991,2001,2004,2005), Central African Republic (1984,1990,2008), Gabon (1986) and Cameroon (2001)

b Number of resistant strains/total number of strains in each study, expressed as %.

c Sum of all resistant organisms/sum of all organisms tested.

Table 5

Antimicrobial resistance rates of Escherichia coli, Central Africa [START_REF] Takaïsi | Résistance aux antibiotiques des Entérobactéries et des Staphylococques isolés en milieu hospitalier de la ville de Kinshasa[END_REF][START_REF] Bahwere | Community-acquired bacteremia among hospitalized children in rural central Africa[END_REF][START_REF] Burchard | Study of bacterial sensitivity in a Lambaréné hospital (Gabon) [in French][END_REF][START_REF] Cunin | An epidemic of bloody diarrhea: Escherichia coli O157 emerging in Cameroon?[END_REF][START_REF] Gangoue-Pieboji | Antimicrobial activity against Gram negative bacilli from Yaounde Central Hospital, Cameroon[END_REF][START_REF] Hima-Lerible | Antimicrobial resistance among uropathogens that cause community-acquired urinary tract infections in Bangui, Central African Republic[END_REF][START_REF] Jalaluddin | Isolation and characterization of enteroaggregative Escherichia coli (EAggEC) by genotypic and phenotypic markers, isolated from diarrheal children in Congo[END_REF][START_REF] Presterl | Frequency and virulence properties of diarrheagenic Escherichia coli in children with diarrhea in Gabon[END_REF][START_REF] Eggert | The pathogen spectrum and its resistance behavior in children with urinary tract infections in Angola [in German][END_REF][START_REF] Tshiendenda | Etude "in vitro" de la sensibilité et de la résistance de Escherichia coli et Klebsiella pneumoniae au cours de la diarrhée infantile[END_REF][START_REF] Osterrieth | Note sur l'incidence des différents germes dans les urinocultures. Leur sensibilité aux antibiotiques[END_REF][START_REF] Tshiani | Infections urinaires en milieu tropical hospitalier. Une étude épidémiologique d'une bactériurie significative[END_REF][START_REF] Binda Ki Muaka | Etude clinique de l'infection des voies urinaires chez l'enfant en milieu hospitalier tropical[END_REF][START_REF] Zawisza-Zenkteler | Etude de l'activité in vitro de l'association sulfamethoxazole-triméthoprime sur les bactéries isolées d'infections urinaires à Kinshasa[END_REF] (1958,1976,1979,1990,1998,2001,2004,2005), Cameroon (1999,2006), Angola (1992), Gabon (1985Gabon ( , 2003) ) and Central African Republic (2003).

b Number of resistant strains/total number of strains in each study, expressed as %.

c Sum of all resistant organisms/sum of all organisms tested. 
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 4 Institute of Tropical Medicine Antwerp (Belgium). In addition, relevant websites providing medical literature for use in developing countries were accessed.

  Relevant microorganisms and antibiotics were primarily those listed by the WHO Surveillance Standards. Key organisms included Staphylococcus aureus, Streptococcus pneumoniae, the enteric pathogens (i.e. Campylobacter, Vibrio, Shigella and Salmonella spp.), Klebsiella pneumoniae, Escherichia coli, Pseudomonas aeruginosa, Haemophilus influenzae and Neisseria meningitidis. Antibiotics included the first-line antibiotics [benzyl penicillin, ampicillin and/or amoxicillin, oxacillin, trimethoprim/sulfamethoxazole (SXT), tetracycline, A c c e p t e d M a n u s c r i p t 5 chloramphenicol, erythromycin, clindamycin and nalidixic acid] as well as representatives of the different generations of cephalosporins, aminoglycosides and fluoroquinolones. Unless otherwise stated, intermediate-resistant strains were grouped together with resistant strains. Mean resistance rates for data from different studies combined were calculated by dividing the sum of all resistant organisms (nominator) over the sum of all organisms tested (denominator). The minimum number of isolates per species for separate reporting was set at 10, in line with the European Society of Clinical Microbiology and Infectious Diseases Study Group for Antimicrobial Resistance Surveillance (ESGARS) [8] and the Clinical and Laboratory Standards Institute (CLSI) [9] recommendations.

  pathogens. The median duration of studies was 16.5 months (range 1-133 months).

A c c e p t e d M a n u s c r i p t 7 ( 6 .

 76 0%) of 83 studies considered only one sample per patient and per episode as recommended[START_REF] Peterson | Hunting health care-associated infections from the clinical microbiology laboratory: passive, active, and virtual surveillance[END_REF].

2 .

 2 Streptococcus pneumoniae (Table

  newly acquired plasmid. Dysentery treatment consequently shifted to nalidixic acid, to which resistance developed in May 1982, disappearing

  A c c e p t e d M a n u s c r i p t 10 4.2.2.2. Non-typhoid Salmonella (NTS)[START_REF] Takaïsi | Résistance aux antibiotiques des Entérobactéries et des Staphylococques isolés en milieu hospitalier de la ville de Kinshasa[END_REF][START_REF] Bahwere | Community-acquired bacteremia among hospitalized children in rural central Africa[END_REF][START_REF] Bercion | Acute bacterial meningitis at the 'Complexe Pédiatrique' of Bangui, Central African Republic[END_REF][START_REF] Kashemwa | Shigella and Salmonella of the Kivu region (Zaire) [in French][END_REF][START_REF] Lunguya | Sérotypes et pharmacorésistance des Salmonella et Shigella à Kinshasa (1994-1999)[END_REF][START_REF] Nkuo-Akenji | Asymptomatic salmonellosis and drug susceptibility in the Buea District, Cameroon[END_REF][START_REF] Mashako | Salmonella infections in Kinshasa: the species involved and sensitivity to antibiotics[END_REF][START_REF] Goossens | In-vitro susceptibility of salmonellae to antimicrobial agents[END_REF][START_REF] Muyembe | Epidemiology and drug resistance of Salmonella infections in Kinshasa 1974-1975[END_REF][START_REF] Mc | Cluster of antibiotic-resistant Salmonella enteritidis infections in the Central African Republic[END_REF][START_REF] Green | Salmonella bacteraemia among young children at a rural hospital in western Zaire[END_REF][START_REF] Omanga | Indications for antibiotic therapy and stool culture during acute diarrhea in the child [in French][END_REF][START_REF] Mc | Serotypes, lysotypes and antibiotypes of 127 strains of Salmonella isolated in the Central African Republic: evaluation of 3378 samples taken in Bangui [in French][END_REF] (Table

A c c e p t e d M a n u s c r i p t 12 4. 2 . 5 .

 1225 Klebsiella spp. (Table

A c c e p t e d M a n u s c r i p t 13 4. 2 . 7 .

 1327 Pseudomonas aeruginosa (Table

Shigella

  and Vibrio spp. give a good impression on the evolution of their epidemiology and resistance patterns, particularly in the eastern part of DRC. The resistance patterns of Shigella spp. are in line with those found in the neighbouring countries of Rwanda and Burundi, which have historically been investigated together with DRC [97-101]. Given the fact that these pathogens often act in outbreaks among weakened people, these very extensive resistance patterns urge for very tight surveillance and frequently updated treatment policies in case of outbreaks. Resistance data on the other pathogens were much more scarce and heterogeneous and displayed wide ranges in resistance rates. Nevertheless, worrying trends are to be noted, especially among Gram-negative enteric organisms. The actual multiresistance patterns of NTS and the emerging resistance trends among S. Typhi isolates are of concern, as many of the widely used cheap first-line antibiotics are no A c c e p t e d M a n u s c r i p t 16 longer active for the treatment of these endemic organisms. In particular, emerging fluoroquinolone resistance is of concern. With regard to other Enterobacteriaceae and non-fermentative organisms such as P. aeruginosa, only estimations of antimicrobial resistance patterns can be given, but it is clear that multiresistant isolates including those with ESBL are present.

  limited duration and repeated over time, may provide valuable information for the redaction and adaptation of standard treatment guidelines.

32 Fig. 1 .

 321 Fig. 1. Map of the Central African region, with numbers of articles retrieved per country. DRC, Democratic Republic of the Congo; CAR, Central African Republic.
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 37 -generation (cefotaxime, ceftriaxone) 0.0 (4 studies), 9.0 15/500 (3.0%) Third-generation (ceftazidime) 0.0, 5.0 8/337 (2.4%) Countries and years of publication: Democratic Republic of the Congo

et al. [10] surveyed MRSA prevalence in eight African countries, including Cameroon as the only country from Central Africa. They found

  

	MRSA in 27 (21.3%) of 127 Cameronese samples. This was among the top three
	highest prevalence figures in the study, only after Kenya (38/137; 27.7%) and Nigeria
	(42/142; 29.6%). A recent Congolese study [26] among nasal staphylococcal carriers
	reported an MRSA prevalence of 63.1%, 66.7% and 23.3% in hospitalised patients,
	hospital staff and outpatients, respectively.

  Screening of respiratory samples from 19 rural Angolan children for the presence of -lactamase in M. catarrhalis revealed a prevalence of 89.5%.

	; third-generation cephalosporins 6.2% (6/97);
	chloramphenicol 11.6% (23/198); gentamicin 41.3% (19/46); and SXT 32.7%
	(37/113).

Table 1

 1 Antimicrobial resistance rates of Staphylococcus aureus, Central Africa [10,17,22-Number of resistant strains/total number of strains in each study, expressed as %.

	28] a		
	Antimicrobial agent	Resistance rate (%) as	Mean resistance
		reported in different studies b	rate (%) c
	Penicillin (or ampicillin, amoxicillin) 0.0 (2 studies), 53.6, 68.0,	170/235 (72.3%)
		62.8, 82.9, 89.5	
	Oxacillin	0.0 (2 studies), 5.3, 21.3,	130/469 (27.7%)
		35.7, 63.1	
	Erythromycin	5.6, 9.8, 15.4	23/151 (15.2%)
	Tetracycline	73.7	14/19 (73.7%)
	Trimethoprim/sulfamethoxazole	0.0 (2 studies), 2.8, 33.3,	25/154 (16.2%)
		75.0	
	Chloramphenicol	0.0 (2 studies), 5.4, 10.0	15/213 (7.0%)
	Clindamycin	8.3, 35.7	19/132 (14.4%)
	Gentamicin	0.0 (2 studies), 1.4, 5.3	3/159 (1.9%)
	Fluoroquinolones	0.0 (3 studies)	0/55 (0.0%)
	a Countries and years of publication: Democratic Republic of the Congo (1954, 2001,
	2004, 2004), Cameroon (1990, 2003), Congo Brazzaville (2006), Gabon (1985) and
	Central African Republic (2007).		

b c Sum of all resistant organisms/sum of all organisms tested.

Table 2

 2 Antimicrobial resistance rates of Streptococcus pneumoniae, Central Africa

	[14,15,22,28-35] a

Table 4

 4 Antimicrobial resistance rates of non-typhoid Salmonella spp., Central Africa

	[23,24,28,45,49,54,59,61-66] a		
	Antimicrobial agent	Resistance rate (%) as	Mean
		reported in different	resistance rate
		studies b	(%) c
	Ampicillin and amoxicillin	5.4, 62.9, 69.0, 92.7,	271/430
		100 (3 studies)	(63.0%)

Table 6

 6 Antimicrobial resistance rates of Klebsiella spp., Central Africa[11,23,24,25,33,76,80,81,83-85] a 

	Antimicrobial agent	Resistance rate (%) as	Mean
		reported in different	resistance rate
		studies b	(%) c
	Ampicillin and amoxicillin	Median 97.6 (range	679/1591
		6.0-100) in 10	(42.7%)
		studies	
	Chloramphenicol	Median 42.6 (range	631/1462
		25.0-95.7) in 6	(43.2%)
		studies	
	Trimethoprim/sulfamethoxazole	Median 84.2 (range	1159/1444
		12.7-100) in 10	(80.3%)
		studies	
	Amoxicillin/clavulanic acid	36.3, 65.0	9/17 (52.9%)
	Fluoroquinolones (ofloxacin)	0.0, 2.0, 4.5, 42.9	10/136 (7.4%)
	Aminoglycosides (gentamicin)	Median 43.0 (4.8-	158/331
		94.4) in 7 studies	(47.7%)
	Cephalosporins		
	First-generation (cefalexin, cefazolin)	51.6, 76.0, 85.7	33/45 (73.3%)
	Second-generation (cefoxitin, cefuroxime) 4.5, 16.0, 85.7	21/39 (53.8%)
	Third-generation (cefotaxime)	0.0, 7.5, 29.9	4/120 (3.3%)
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b Number of resistant strains/total number of strains in each study, expressed as %.

c Sum of all resistant organisms/sum of all organisms tested.

d No clear specification of intermediate or resistant by author [START_REF] Koko | Antibiotic sensitivity of bacteria responsible for acute meningitis in children in Libreville (Gabon)[END_REF]; considered intermediate resistance.

Table 3

Antimicrobial resistance rates of Salmonella enterica serovar Typhi, Central Africa (1976,1979,1990,2001,2004,2005), Cameroon (2001,2006), Angola (1992) and Gabon (1985,2004).

b Number of resistant strains/total number of strains in each study, expressed as %.

c Sum of all resistant organisms/sum of all organisms tested. Edited Figure 1