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Impacts

• In Tanzania, data on epidemiology of Campylobacter in humans are scant,

whereas that on antimicrobial resistance of the organisms and risk factors

for human infections are lacking.

• In this paper, we provide information on the epidemiology and antibiotic

resistance profiles of Campylobacter infections in humans in the country.

• Presented data are useful in planning control measures for Campylobacter

infections and guiding the antimicrobial therapy in campylobacteriosis cases

requiring treatment.

Keywords:

Gastroenteritis; Cape Town protocol;

phenotypic tests; polymerase chain reaction;

disc diffusion; Eastern Tanzania

Correspondence:

E. V. G. Komba. Department of Veterinary

Medicine and Public Health, Faculty of

Veterinary Medicine, Sokoine University of

Agriculture, P.O. Box 3021, Morogoro,

Tanzania. Tel.: +255 23 260 3511;

Fax: +255 23 260 4647;

E-mail: babagrid@yahoo.com

Received for publication April 11, 2014

doi: 10.1111/zph.12185

Summary

The genus Campylobacter comprises members known to be a leading cause of

foodborne gastrointestinal illness worldwide. A study was conducted to deter-

mine the epidemiology and antimicrobial resistance of Campylobacter in

humans in Morogoro, Eastern Tanzania. Isolation of Campylobacter from stool

specimens adopted the Cape Town protocol. Campylobacter isolates were pre-

liminarily identified by conventional phenotypic tests and subsequently

confirmed by matrix-assisted laser desorption/ionization–time-of-flight

(MALDI-TOF) mass spectrometry and polymerase chain reaction. Antimicrobial

resistance testing employed the disc diffusion method. A small proportion of

the test isolates was also subjected to agar dilution method. Risk factors for

human illness were determined in an unmatched case–control study. Thermo-

philic Campylobacter were isolated from 11.4% of the screened individuals

(n = 1195). The agreement between PCR and MALDI-TOF was perfect

(j = 1.0). Symptomatics and young individuals were infected with higher num-

bers than asymptomatic and adults, respectively. The majority (84.6%) of the

isolates were C. jejuni and the remaining were C. coli. Isolates had highest resis-

tance (95.6%) for colistin sulphate and lowest for ciprofloxacin (22.1%). The

rates of resistance for other antibiotics (azithromycin, erythromycin, tetracy-

cline, cephalothin, gentamycin, nalidixic acid, ampicillin, amoxycillin, norfloxa-

cin, chloramphenicol) ranged from 44.1% to 89%. Comparison between disc

diffusion and agar dilution methods indicated a good correlation, and the tests

were in agreement to each other (j ≥ 0.75). Human illness was found to be

associated with young age and consumption of chicken meat and pre-prepared

salad. Our data indicate the presence of antibiotic-resistant thermophilic Cam-

pylobacter in humans in the study area. There is a need for routine investigation

of the presence of the organisms in gastroenteritis aetiology, including determi-

nation of their antibiotic susceptibilities.
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Introduction

Campylobacter- and Salmonella-mediated diarrhoeal dis-

eases are leading bacterial causes of gastroenteritis world-

wide (Rzewuska et al., 2010; Gripp et al., 2011; Newell

et al., 2011; Haruna et al., 2013). Of the Campylobacter spe-

cies, C. jejuni causes more than 83% of human symptomatic

infections (Friedman et al., 2000; Snelling et al., 2005; Ra-

jendran et al., 2012); majority of the remaining proportion

being caused by C. coli (Rajendran et al., 2012). Occasional

human campylobacteriosis is caused by C. lari (Rajendran

et al., 2012). The organisms are transmitted to humans

mainly by contaminated food of animal origin (Ogden

et al., 2009), with raw/undercooked poultry meat being

more incriminated (Lindmark et al., 2009). Contact with

pets and farm animals has also been implicated as potential

source of Campylobacter infection to humans. While differ-

ent animal species are frequently colonized with Campylo-

bacter asymptomatically, human infections result in acute

and self-limiting intestinal infection (Takamiya et al., 2011).

C. jejuni is also associated with post-infectious auto-

immune neuromuscular disorder, Guillain-Barre0 syndrome

and reactive arthritis (Blaser, 1997; Rajendran et al., 2012).

Campylobacter enteritis is in most cases self-limiting.

Antimicrobial therapy is, however, required in severe and

prolonged cases of enteritis, cases of bacteremia, septic

arthritis and other extra intestinal infections in which

erythromycin and ciprofloxacin are the drugs of choice

(Guerrant et al., 2001; Gupta et al., 2004; McDermott

et al., 2004). Apart from being a drug of choice for treat-

ment of human campylobacteriosis, ciprofloxacin together

with other fluoroquinolones has been used for symptom-

atic treatment of bacterial gastroenteritis (Allos, 2001).

Increasing resistance of Campylobacter strains to macrolides

(Gibreel and Taylor, 2006; Gallay et al., 2007), fluoroqui-

nolones (Ghosh et al., 2013) and other antimicrobials

suggests a need to monitor the Campylobacter resistance

situation worldwide (Lehtopolku et al., 2012). The generated

information will be useful in guiding antimicrobial treatment

for severely ill patients with campylobacteriosis.

Case–control studies have frequently attributed sporadic

human Campylobacter infections to different sources. Iden-

tified risk factors for the disease have included handling

and/or consumption of poultry, consumption of raw and

unpasteurized milk, drinking untreated water, drinking

bottled water, eating salad vegetables, handling and cooking

food, contact with animals, swimming in natural water

bodies and travel abroad (Kapperud et al., 1992, 2003;

Morgan et al., 1994; Fahey et al., 1995; Evans et al., 1996,

2003; Djuretic et al., 1997; Eberhart-Phillips et al., 1997;

Kalman et al., 2000; Lehner et al., 2000; Studahl and

Andersson, 2000; Rodrigues et al., 2001; Friedman et al.,

2004; Carrique-Mas et al., 2005; Ethelberg et al., 2005;

Schildt et al., 2006; Uyttendaele et al., 2006; Wingstrand

et al., 2006; Stafford et al., 2007; Fajo0-Pascual et al., 2009).
Some case–control studies have, however, reported contra-

dictory results (Lindmark et al., 2009). While many studies

demonstrate eating chicken at home as a risk factor, some

found this behaviour to be protective (Adak et al., 1995;

Eberhart-Phillips et al., 1997). A study in France found no

association between consumption of chicken and human

campylobacteriosis (Gallay et al., 2008). The authors iden-

tified consumption of undercooked beef as a risk factor.

Identification of certain risk factors in some investigations

but not in others might be an attribute of differences in

sample size, study methodology or geographical and cul-

tural differences (Rodrigues et al., 2001; Neimann et al.,

2003; Wingstrand et al., 2006).

In Tanzania, as in many other African countries, there is

dearth of information on bacteriological and epidemiologi-

cal aspects of Campylobacter. The available information for

both human and animal campylobacteriosis is sparse

(Komba et al., 2013), thereby creating little awareness on

the need to develop control strategies for this zoonosis.

Consequently, the objective of this study was to determine

the prevalence, antimicrobial susceptibility and risk factors

for Campylobacter infections in humans.

Materials and Methods

Study area

This study was carried out in Morogoro Municipality,

Morogoro region, Eastern part of Tanzania. The region

occupies 7.99% of the total land area in the country which

is 885 800 sq. km. As of the official 2012 population and

housing census, the Municipality had a population of

315 866, 14.24% of the total population of Morogoro

region (n = 2 218 492). Human stool specimens were

obtained from Morogoro regional hospital, Sokoine

University of Agriculture (SUA) dispensary and Upendo

medical laboratory. The selected facilities represent 9.4% (3/

32) of the total laboratories but serving more than 60% of

patients in the municipality (Mwinuka, personal communi-

cation, 2011). Collected samples were analysed at microbiol-

ogy laboratories of the Pest Management Centre of SUA.

Determination of prevalence of Campylobacter infections

Study design and sample size determination

A cross-sectional study design was adopted to establish the

prevalence of Campylobacter in humans in the study area.

The number of humans to be sampled was determined

using the formula developed by Thrusfield (1995), that is
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n=Z2p (1-p)/d2, where n is the sample size, Z is the multi-

plier from the normal distribution, p is the expected preva-

lence, and d is the desired absolute precision. The known

prevalence of Campylobacter infections (p) in humans

reported in a previous study in the country is 9.3% (Mde-

gela et al., 2006). With Z value of 1.96 at 95% confidence

interval (CI) and desired precision (d) of 0.05, the calcu-

lated sample size (n) was 130.

Sample collection

Whole stool specimens were collected by medical personnel

from individuals with enteric complaints (symptomatics)

seeking medical attention in selected health facilities in the

study area. Also samples were collected from individuals

without enteric complaints (asymptomatics) in the study

health facilities and other gatherings preferably academic

institutions. During sampling, age, sex and place of resi-

dence for individuals’ submitting samples were recorded.

Study subjects below 15 years old were recorded as young

and 15 years and above as adults (Mdegela et al., 2006).

Following collection, samples were immediately placed in

universal bottles containing Bolton broth (Oxoid Ltd., Bas-

ingstoke, Hampshire, England) and then stored at 4°C
before being shipped to laboratories for analysis within 8 h

post-sampling. In the laboratory, the stool samples were

incubated at 37°C for 24 h after which they were subjected

to the Cape Town protocol for primary isolation of ther-

mophilic Campylobacter.

Isolation of Campylobacter

Following 24 h incubation of collected stool samples in

Bolton broth, isolation of Campylobacter was carried out

using Cape Town protocol developed by Le Roux and Las-

tovica (1998) with some modifications as indicated by

Jacob et al. (2011). The technique involves culture of the

organisms on an antibiotic-free blood agar after a filtration

step. Briefly, a 0.45-lm-pore-size nitrocellulose filter (Sar-

torius Stedim Biotech GmBH 37070, Goettingen, Ger-

many) was overlaid on the surface of blood agar (Oxoid

LTD., Basingstoke, Hampshire, England) onto which

200 ll of enrichment broth containing the sample was dis-

pensed and allowed to filter passively for 45 min at room

temperature. The filter was then carefully removed with

sterile forceps and discarded. Thereafter, the filtrate was

spread evenly across the medium followed by incubation of

the inoculated plates in microaerophilic atmosphere at

37°C for up to 72 h while checking for growth after every

24 h. Suspect Campylobacter colonies were subsequently

subcultured on blood agar under similar conditions to

obtain pure cultures which were then subjected to identifi-

cation methods.

Identification of Campylobacter isolates

Preliminary identification: Campylobacter isolates were pre-

liminarily identified based on phenotypic tests, namely

growth atmospheric requirements, colonial characteristics,

testing for Gram negativity using the KOH string test (3%

potassium hydroxide on a glass slide), motility test and the

sodium hippurate hydrolysis test for differentiation of

C. jejuni from other thermophilic Campylobacter.

Confirmation of Campylobacter isolates: Following prelimin-

ary identification, Campylobacter isolates were further con-

firmed using a genome-based method, species-specific

polymerase chain reaction (PCR), as well as a spectroscopic

method, matrix-assisted laser desorption/ionization–time-of-

flight (MALDI-TOF) mass spectrometry (Bruker Daltronics

with Bruker Daltonics MALDI biotyper software 2.0, Billeri-

ca, MA, USA). Genomic DNA to be used for PCR was

extracted from bacterial suspensions by boiling at 100°C for

10 min. Primers F,50CTATTTTATTTTTGAG TGCTTGTG30

and R,50GCTTTATTTGCCATTTGTTTTA TTA30 (TAG

COPENHAGEN A/S) were used to amplify the mapA gene

(589 bp) of C. jejuni, whereas primers F,50ATTTGAA
AATTGCTCCAACTATG30 and R,50TGATTTTATTATTT
GTAGCAGCG30 (TAG COPENHAGEN A/S) were used to

amplify the ceuE gene (462 bp) of C. coli. Each reaction was

performed in a 50 ll total volume containing 10 ll primer

mix (12 pmol of each primer), 25 ll Green master mix, 2 ll
DNA template and 13 ll milli Q water. Amplification reac-

tions were run in Biometra T3 thermocycler (Fisher Scien-

tific, Loughborough, UK), with the following program: an

initial denaturation at 95°C for 5 min followed by 34 cycles

of denaturation at 94°C for 20 s, annealing at 50°C for 20 s

and polymerization at 72°C for 1 min. A final extension was

performed at 72°C for 5 min. Samples were then maintained

at 4°C until processed. The amplification generated 589-bp

and 462-bp DNA fragments corresponding to C. jejuni and

C. coli, respectively. The PCR products were analysed on a

1.5% agarose gel (SeaKem, FMC BioProducts, Rockland,

ME, USA) stained with 0.3 g/ml ethidium bromide and were

visualized under UV light. A 100-bp ladder was used as a

molecular size standard. All Campylobacter isolates were

stored at �80°C in brain–heart infusion broth containing

15% v/v glycerol for future antimicrobial susceptibility tests

and genetic typing.

Evaluation of antimicrobial resistance of Campylobacter

isolates

In this study, antibiotic resistance testing of Campylobacter

isolates was performed by disc diffusion method on
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Muller-Hinton (MH) Agar (Oxoid Ltd, Basingstoke, UK)

as described by Luangtongkum et al. (2007), using C. jeju-

ni NCTC 11168 for quality control purposes. The method

is known to be reliable and easy tool for monitoring the

prevalence of resistance in Campylobacter and a suitable

alternative method to agar-based MIC methods (van Hees

et al., 2007; Senok et al., 2007; Yang et al., 2008). Briefly,

Campylobacter suspensions were prepared in sterile normal

saline and adjusted to a turbidity equivalent to a 0.5

McFarland standard. Sterile cotton-tipped swabs were

inserted into the standardized inoculums, drained off and

then used to transfer the inoculums onto well-dried Muel-

ler-Hinton agar plates. Inoculated plates were dried in

incubator for five minutes, and antibiotic discs were dis-

tributed over them using a BBL Sensi-disc dispenser. The

plates were then incubated at 42°C for 48 h under micro-

aerobic conditions. After 48 h of incubation, the diameters

of inhibition zones were measured. Interpretation of

results was guided by both standardized tables supplied by

the National Committee on Clinical Laboratory Standards

(currently known as Clinical and Laboratory Standards

Institute) (NCCLS, 2002) and manufacturer’s instructions.

In this study, the most commonly used antimicrobial

agents in livestock and humans in the study area and oth-

ers that have been used and tested elsewhere (Pezzotti

et al., 2003) were tested for resistance. They included

twelve (12) different antimicrobials: nalidixic acid (NA,

30 lg), ciprofloxacin (CIP, 5 lg), gentamycin (CN,

10 lg), ampicillin (AMP, 10 lg), cephalothin (CL, 30 lg),
amoxycillin (AML, 25 lg), norfloxacin (NOR, 10 lg),
erythromycin (E, 15 lg), tetracycline (TE, 30 lg), colistin
sulphate (CT, 10 lg), azithromycin (AZM, 15 lg) and

chloramphenicol (C, 30 lg) (Oxoid, Hampshire, UK). A

total of 136 human-derived isolates were tested for resis-

tance to these different antimicrobials. An isolate that was

resistant to two or more classes of antimicrobials was

referred to as multi-drug resistant. A proportion (28/136)

of the isolates tested for antimicrobial resistance by disc

diffusion method was also subjected to agar dilution

method as described earlier (Miflin et al., 2007). These

were tested for resistance against four antimicrobial

agents, that is ciprofloxacin, erythromycin, tetracycline

and chloramphenicol (Oxoid).

Identification of risk factors associated with

Campylobacter infections in humans

An unmatched case–control study was carried out to

identify risk factors associated with Campylobacter infec-

tions in humans. Based on 95% confidence interval,

power = 80.0%, case: control ratio of 1 : 5 and odds

ratio of 2.46, it was estimated that a total number of 129

cases and 644 control individuals were to be involved in

the study (Statcalc, Epi InfoTM version 7, CDC, Atlanta,

GA, USA).

Identification of ‘cases’ and ‘controls’

For this particular study, a ‘case’ was defined as any indi-

vidual (symptomatic or asymptomatic) confirmed in the

laboratory to be positive for Campylobacter infection. On

the other hand, a ‘control’ was defined as any individual

(symptomatic or asymptomatic) confirmed in the labora-

tory to be negative for Campylobacter infection. Asympto-

matics from the health facilities were cases with

complaints other than those involving the gastrointestinal

tract. Exclusion criteria for controls included (i) past his-

tory of campylobacteriosis, (ii) diarrhoea/abdominal pain

in preceding month and (iii) travel history for the last two

weeks.

Acquisition of the study subjects

In each participating health facility, individuals to be

involved in the study were obtained as volunteers after

explaining to them the purpose of the study. Any volunteer

was requested to provide a written consent. In case of chil-

dren, the consent forms were filled by either a parent or a

guardian.

Interviews

All cases and controls were interviewed in person to col-

lect information for determination of risk factors for Cam-

pylobacter infections in humans. The interviews were

conducted by medical personnel involved in sample collec-

tion. A parent or guardian was interviewed if the individ-

ual was under 15 years of age. Each interview was

designed to cover demographic and clinical information

and specific exposures. The collected information included

age, sex, area of residence, consumption of chicken and

other meat, food-eating habits, kitchen hygiene and food-

handling practices, type of water used for domestic pur-

poses, hygienic practices, contact with animals, involve-

ment in chicken farming, history of travelling and eating

outside home, medications and history of chronic and

enteric diseases.

Data analysis

Collected data in this study were analysed using EPI INFO sta-

tistical software version 7 (CDC, Atlanta, GA, USA). For

prevalence and antimicrobial resistance data descriptive

statistics (frequencies and cross-tabulations) were com-

puted to determine proportions for different items. The

chi-square test was used to determine the significance of
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differences in proportions at P ≤ 0.05. Agreement between

different tests was determined using kappa statistic. The

correlation between disc diffusion and agar dilution meth-

ods for antimicrobial resistance testing was determined by

computing the correlation coefficient in MICROSOFT EXCEL
�

software (Redmond, WA, USA). Risk factor data were anal-

ysed in two steps: (i) univariate logistic regression was used

to screen all potential risk factors for statistical significance

at a P-value of ≤0.20 and (ii) statistically significant vari-

ables in univariate logistic regression were included in a

multivariable logistic regression analysis based on a forward

variable selection approach utilizing the likelihood ratio

statistic and a P-value ≤0.05. The Mantel–Haenszel method

was used to identify confounding factors. A factor was con-

sidered to have potential confounding effect if its magni-

tude of change was ≥25% in the coefficient estimates of

other predictors. Goodness of fit of the final model was

assessed using the Hosmer and Lemeshow test (Hosmer

and Lemeshow, 2002). The final model was assessed for dis-

crimination ability using receiver operating characteristic

(ROC) curves, based on area under the curve (AUC) (Balk

et al., 2006).

Ethical considerations

Ethical clearance (permit number: NIMR/HQ/R.8a/Vol.

IX/1106) was sought from the Health Research Ethics

Review Sub-Committee at the National Institute for Medi-

cal Research, Ministry of Health, Dar es Salaam. Qualified

medical personnel were involved in collection of informa-

tion and stool samples from study subjects after explaining

the purpose of the study and obtaining written consent of

the person to be screened or his/her parent/guardian. Con-

fidentiality of the study participants was always adhered to,

and after processing of samples, results were given to the

medical personnel at respective health facility for further

follow-up of the patient.

Results

Sample collection

Whole stool specimens were collected from 1195 human

subjects: 898 symptomatic and 297 asymptomatic, respec-

tively. The sex distribution was such that 586 individuals

were males and 609 females. Of the sampled individuals,

251 (21%) were young (˂15 years) and 944 adults

(≥15 years). About fourteen per cent of the young individ-

uals were under 5 years old.

Prevalence of Campylobacter organisms in study subjects

The overall prevalence of Campylobacter infection in

humans was 11.4%. The prevalence levels by PCR and

MALDI-TOF were identical (P < 0.00), and there was per-

fect agreement between the two methods (j = 1.0). The

prevalence was higher among symptomatic individuals

(12.9%, n = 898) as opposed to asymptomatic individuals

(6.7%, n = 297). There was no statistically significant dif-

ference in Campylobacter prevalence between males (10%,

n = 586) and females (12%, n = 609). Young individuals

had a significantly higher Campylobacter prevalence

(16.7%) than adult individuals (10%). The majority

(84.6%) of Campylobacter isolates obtained were C. jejuni

and the remaining 15.6% C. coli.

Antimicrobial resistance profiles for Campylobacter

isolates

A total of 136 human-derived Campylobacter isolates were

tested for susceptibility to 12 different antimicrobials. A

large proportion of the test isolates were resistant to colistin

sulphate (CT), whereas a lower proportion of isolates were

resistant to ciprofloxacin (CIP) as displayed in Fig. 1. The

proportion of resistant isolates to the remaining 10 antimi-

crobials ranged from 44.10% to 89.0% (Fig. 1). All the test

isolates displayed multi-drug resistance with 77.9% being

resistant to more than half of the test antimicrobials and

19.9% showing resistance to all the test antimicrobials.

Resistance to more than two classes of antimicrobials was in

the following order: resistance to two classes (4.4%), resis-

tance to three classes (11.0%), resistance to four classes

(6.6%), resistance to five classes (18.4%), resistance to six

classes (22.1%), resistance to seven classes (17.6%) and resis-

tance to eight classes (19.9%). There were significantly

higher proportions of resistant C. coli isolates than C. jejuni

isolates for nalidixic acid and amoxycillin (Table 1). Com-

parison between disc diffusion and agar dilution methods

showed good correlation. The correlation coefficients were

0.67 for ciprofloxacin, 0.58 for erythromycin, 0.86 for tetra-

cycline and 0.53 for chloramphenicol, respectively. The two

tests had excellent to perfect agreement on kappa statistics;

the kappa values being 1.00 (0.96–2.96) for ciprofloxacin,

0.84 (1.06–2.74) for erythromycin, 1.00 (0.96–2.96) for tet-
racycline and 0.75 (1.08–2.58) for chloramphenicol.

Risk factors for Campylobacter infections in humans

Description of cases and controls

During December 2011 through April 2012, a total of 1195

individuals were available to participate in the risk analysis

study, 898 being symptomatic and the remaining 297

asymptomatic. One hundred and thirty-six (136) individu-

als satisfied the criteria of a case, and 1059 individuals qual-

ified as controls. The cases comprised of 12.9% of

symptomatic and 6.7% of asymptomatic individuals,

contributing 85.3% and 14.7%, respectively. The mean age
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of the cases was 24.64 years (median, 22 years; range,

9 months to 62 years). Seventy-five (55.15%) cases were

females and 61 (44.85%) were males. The age range for

controls was between 10 months and 75 years (mean,

28.12 years; median, 25 years). Signs in symptomatic case

individuals (n = 116) included abdominal cramps

(11.20%), vomiting (9.5%), fever (16.38%), diarrhoea

(22.4%), bloody diarrhoea (2.6%) and nausea (34. 48%).

Signs in symptomatic control individuals (n = 782)

included abdominal cramps (15.60%), vomiting (11.76%),

fever (16.24%), diarrhoea (27.75%), bloody diarrhoea

(5.5%) and nausea (34. 27%).

Univariate analysis of risk factors

Table 2 below displays results of the univariate analysis of

risk factors for Campylobacter infections in humans.

Presented factors in the table are only those which showed

statistically significant association with increased risk for

human infections during the analysis (specified at probabil-

ity = 0.1). Briefly the risk for human campylobacteriosis

increased with young age, consumption of poultry meat,

eating prepared salad, drinking water from surface sources

and working in a day care centre. Independent protective

factors were using Western type toilet, contact with cattle

and contact with sheep and goat. No statistically significant

differences between cases and controls were detected when

the following exposures were analysed: consumption of

beef, pork, game meat, undercooked meat, fish, shellfish,

sausages, prepared salads, unpeeled fruits, raw vegetables

and milk or milk products including ice cream and

yoghurt. Also cases and controls did not differ significantly

with regard to kitchen hygiene parameters like cleaning of

hands, chopping boards, knives or the countertop with

soap and water during meat preparation and before use for

other food items. Moreover, illness was not associated with

the preparation of raw meat, working in a health facility,

drinking untreated water, use of pit latrine or squat toilet,

as well as contact with pigs, a cat, a dog, poultry, horse or

wildlife. Cases and controls were also similar with respect

to history of travel, recent use of antimicrobial agents, ant-

acids and the use of regular medications.

Multivariate analysis of risk factors

Multivariate logistic regression analysis was performed to

determine which variables were independently associated

with Campylobacter positivity. The analysis involved all

variables which were statistically significant in the univar-

iate analysis. During multivariable logistic regression

analysis, variables included in the final model as indepen-

dent risk factors for human campylobacteriosis were age,

consumption of poultry and eating pre-prepared salad

(Table 3). Drinking water from a surface source, contact

with a pig and working at a day care centre were associated

Table 1. Species comparison of antimicrobial resistance patterns of

thermophilic Campylobacter isolates from humans

Antimicrobial agent

Proportion of resistant isolates (%)

P-valueC. jejuni (n = 115) C. coli (n = 21)

NA 57.4 100 0.001

CN 62.6 85.7 0.10

AMP 53.0 71.4 0.12

CL 67.8 85.7 0.1

AML 47.8 71.4 0.05

NOR 47.8 57.1 0.43

E 84.3 85.7 0.87

TE 76.5 57.1 0.06

CT 94.8 100 0.28

AZM 89.6 85.7 0.60

C 41.7 57.1 0.20

CIP 20.9 28.6 0.43

NA, nalidixic acid; CIP, ciprofloxacin; CN, gentamycin; AMP, ampicillin;

CL, cephalothin; AML, amoxycillin; NOR, norfloxacin; E, erythromycin;

TE, tetracycline; CT, colistin sulphate; AZM, azithromycin; C, chloram-

phenicol; n, number of individuals in the group.
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Fig. 1. Antimicrobial resistance patterns

of human-derived thermophilic

Campylobacter isolates (n = 136). Key:

NA, nalidixic acid; CIP, ciprofloxacin; CN,

gentamycin; AMP, ampicillin; CL,

cephalothin; AML, amoxycillin; NOR,

norfloxacin; E, erythromycin; TE,

tetracycline; CT, colistin sulphate; AZM,

azithromycin; C, chloramphenicol; n,

number of isolates tested.

© 2015 Blackwell Verlag GmbH6

Campylobacter Infections in Humans in Tanzania E. V. G. Komba et al.



with human campylobacteriosis in univariate analysis, but

did not remain significant in the multivariate analysis. The

final model for assessment of risk factors associated with

positivity to human campylobacteriosis passed the Hos-

mer–Lemeshow statistic test suggesting a good fit to the

data. Similarly, the assessment of the predictive accuracy

of the model based on the area under the curve (AUC)

derived from the receiver operating characteristic curve

analysis (AUC = 0.73) suggested that the model had good

discriminating ability of predictors. Confounding factors

were not detected during the model building process.

Discussion

The overall prevalence of Campylobacter infection among

the sampled human subjects (n = 1195) in our study was

11.4%, with both symptomatic and asymptomatic individ-

uals infected. The obtained proportion of Campylobacter-

positive individuals is comparable to those reported in pre-

vious studies in Tanzania (Lindblom et al., 1995; Mdegela

et al., 2006). Similarly, the observed high frequency of

C. jejuni as compared to C. coli is in concordance with the

results reported in many other studies in the country

(Lindblom et al., 1995; Mdegela et al., 2006; Jacob et al.,

2011) and elsewhere (Endtz et al., 1991; Gaudreau and

Gilbert, 1997; Feizabadi et al., 2007; Gallay et al., 2007;

Yang et al., 2008; Rajendran et al., 2012). A comparatively

large proportion of infected individuals among sympto-

matics suggests that the organism is a significant cause of

gastroenteritis.

A number of studies have reported antimicrobial resis-

tance among Campylobacter isolates worldwide (Gupta

et al., 2004; Jain et al., 2005; Gallay et al., 2007; van Hees

et al., 2007; Nonga and Muhairwa, 2009; Tadesse et al.,

2011; Ghosh et al., 2013). Results of the present study have

also revealed different proportions of resistant isolates to a

number of antimicrobials including macrolides and fluor-

oquinolones, the drugs of choice for antimicrobial treat-

ment of human campylobacteriosis (Tadesse et al., 2011;

Lehtopolku et al., 2012). Higher proportions of resistant

isolates were observed for cephalothin, tetracycline, eryth-

romycin, azithromycin and colistin sulphate, ranging from

70.6% to 95.6%. Relatively lower resistance rates were

recorded for norfloxacin (49.3%), chloramphenicol

(44.1%) and ciprofloxacin (the lowest, 22.1%). A more or

less similar low frequency of resistance against ciprofloxa-

cin was reported in France by Gallay et al. (2007). There

are also studies that have found very low levels of resistance

to ciprofloxacin among Campylobacter isolates (Deckert

et al., 2013; Randrianirina et al., 2014). The low resistance

to ciprofloxacin observed in our study emphasizes its con-

tinual usefulness for the treatment of Campylobacter gastro-

enteritis. Contrary to the finding in this study, studies

elsewhere have reported moderate (Pigrau et al., 1997) and

high (Li et al., 1998; Jain et al., 2005; Serichantalergs et al.,

2007; Zhang et al., 2010; Ghosh et al., 2013; Di Giannatale

et al., 2014) resistance rates of Campylobacter spp. to cipro-

floxacin. These studies on the other hand observed low

degrees (>25%) of resistance to erythromycin which is also

contrary to the high degree of resistance (84.6%) recorded

in this study. Gallay et al. (2007) pointed out that the resis-

tance rate reported for erythromycin varies widely among

studies. Zhang et al. (2010) reported 100% susceptibility of

Campylobacter spp. to erythromycin. The observation in

this study, which may partly be responsible for a higher

prevalence of campylobacteriosis in children as erythromy-

cin is a primary antimicrobial of choice for children, war-

rants reconsideration of use of macrolides as the drugs of

choice in patients with severe gastroenteritis when

Campylobacter is the presumed cause. Frequencies of resis-

Table 2. Univariate analysis of risk factors for human campylobacteriosis

Risk factor % positive in factor positive % positive in factor negative Odds ratio (95% CI) P-value

Age category (Young/adult) 16.73 (n = 251) 10.0 (n = 944) 1.81 (1.22–2.69) 0.003

Eating poultry 19.64 (n = 550) 4.34 (n = 645) 5.40 (3.50–8.30) 0.00

Eating prepared salad 13.15 (n = 631) 9.40 (n = 564) 1.46 (1.01–2.10) 0.04

Drinking water from surface sources 14.29 (n = 894) 10.4 (n = 301) 0.70 (0.47–1.03) 0.07

Working at day care centre 26.67 (n = 15) 11.19 (1180) 2.70 (0.90–9.10) 0.07

%, percentage; n, number of individuals in the group; CI, confidence interval.

Table 3. Multivariate logistic regression analysis of risk factors for human campylobacteriosis

Risk factor % positive in factor positive % positive in factor negative Odds ratio (95% CI) P-value

Age category (Young/adult) 16.73 (n = 251) 10.0 (n = 944) 1.60 (1.04–2.44) 0.03

Eating poultry 19.64 (n = 550) 4.34 (n = 645) 5.32 (3.43–8.24) 0.00

Eating pre-prepared salad 13.15 (n = 631) 9.40 (n = 564) 1.53 (1.04–2.25) 0.03

%, percentage; n, number of individuals in the group; CI, confidence interval.
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tant Campylobacter isolates to other antimicrobials tested

in this study have varied as previously reported in other

studies (Gallay et al., 2007; de Jong et al., 2012; Ghosh

et al., 2013). Differences in resistance seen in this study

when compared to previous investigations could be due to

changes over time but also could be an attribute of differ-

ences in exposure rates of the microbes to the different an-

timicrobials. Ghosh et al. (2013) points out that

antimicrobial use for infections other than gastroenteritis

and self-medication in the developing countries results into

higher resistance levels as compared to levels in the devel-

oped countries.

It has been reported in previous studies that C. coli iso-

lates are more resistant to antimicrobials than C. jejuni

strains (Pezzotti et al., 2003; Taremi et al., 2006; Gallay

et al., 2007; de Jong et al., 2012). In the present study,

higher proportions of resistant C. coli isolates have been

observed for nalidixic acid and amoxicillin. Our results,

however, need caution during interpretation as the number

of C. coli isolates was relatively low.

Our results point to a good correlation and agreement

between agar dilution and disc diffusion methods for anti-

microbial susceptibility testing of Campylobacter. The for-

mer method has been approved by the clinical and

laboratory standards institute (CLSI) as a standard method

for antimicrobial susceptibility testing of these organisms;

however, it is time-consuming. The disc diffusion method,

on the other hand, is relatively easy to perform and is less

expensive. A good correlation between the two techniques,

observed in this and previous works (Gaudreau and

Gilbert, 1997; Miflin et al., 2007; Senok et al., 2007), forms

the basis of considering the disc diffusion as an alternative

susceptibility testing method for Campylobacter.

Associations of human campylobacteriosis with chicken

consumption (Studahl and Andersson, 2000; Neimann

et al., 2003; Friedman et al., 2004; Michaud et al., 2004;

Wingstrand et al., 2006; Danis et al., 2009), young age

(Lindblom et al., 1995; Mdegela et al., 2006) and commer-

cial food items including vegetable salads (Michino and Ot-

suki, 2000; Evans et al., 2003), observed in this study, have

been reported earlier. Some studies have reported a limited

association to eating undercooked chicken (Ikram et al.,

1994; Eberhart-Phillips et al., 1997; Stafford et al., 2007),

while others with any type of chicken. Other studies have

found increased risks with consumption of commercially

prepared chicken (Eberhart-Phillips et al., 1997; Rodrigues

et al., 2001; Evans et al., 2003; Friedman et al., 2004; Mi-

chaud et al., 2004; Unicomb et al., 2008; Tam et al., 2009).

Factors that are likely to contribute to high prevalence in

young individuals are poor hygiene and sanitation, contact

with animals, malnutrition and low immunity because of

first exposures (Mdegela et al., 2006). On the other hand,

the association of human illness with eating foods prepared

in commercial food establishments suggests the likelihood

of cross-contamination (Dawkins et al., 1984) or under-

cooking in such settings. A finding that working in a day

care was not associated with Campylobacter infections in

humans could probably be a result of the low number of

cases that worked in a day care.

Overall, we have reported the presence, risk factors

and extent of thermophilic Campylobacter infections in

humans, and resistance profiles of human-derived isolates

to different antimicrobials in Eastern Tanzania. Preva-

lence results emphasize on routine microbiological isola-

tion and identification of the organism in microbiology

laboratories to investigate its role in gastroenteritis aetiol-

ogy. These results show the need to plan and implement

control procedures for Campylobacter organisms in both

human and reservoir animal populations. The demon-

stration of high resistance to most of the antimicrobials

necessitates ensuring control of indiscriminate use of an-

timicrobials both in livestock and in humans. We highly

recommend determination of the antimicrobial resistance

of the isolates on routine basis so as to help to guide the

antimicrobial treatment approaches in cases of gastroen-

teritis.
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