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Abstract

Background

Enteric fever remains a major public health problem in low resource settings and antibiotic

resistance is increasing. In Asia, an increasing proportion of infections is caused by Salmo-

nella enterica serovar Paratyphi A, which for a long time was assumed to cause a milder

clinical syndrome compared to Salmonella enterica serovar Typhi.

Methodology

A retrospective chart review study was conducted of 254 unique cases of blood culture con-

firmed enteric fever who presented at a referral adult hospital in Phnom Penh, Cambodia

between 2008 and 2015. Demographic, clinical and laboratory data were collected from clin-

ical charts and antibiotic susceptibility testing was performed. Whole genome sequence

analysis was performed on a subset of 121 isolates.

Results

One-hundred-and-ninety unique patients were diagnosed with Salmonella Paratyphi A and

64 with Salmonella Typhi. In the period 2008–2012, Salmonella Paratyphi A comprised

25.5% of 47 enteric fever cases compared to 86.0% of 207 cases during 2013–2015. Pre-

senting symptoms were identical for both serovars but higher median leukocyte counts (6.8

x 109/L vs. 6.3 x 109/L; p = 0.035) and C-reactive protein (CRP) values (47.0 mg/L vs. 36

mg/L; p = 0.034) were observed for Salmonella Typhi infections. All but one of the Salmo-

nella Typhi isolates belonged to haplotype H58 associated with multidrug resistance (MDR)

(i.e. resistance to ampicillin, chloramphenicol and co-trimoxazole).;42.9% actually displayed

MDR compared to none of the Salmonella Paratyphi A isolates. Decreased ciprofloxacin

susceptibility (DCS) was observed in 96.9% (62/64) of Salmonella Typhi isolates versus
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11.5% (21/183) of Salmonella Paratyphi A isolates (all but one from 2015). All isolates were

susceptible to azithromycin and ceftriaxone.

Conclusions

In Phnom Penh, Cambodia, Salmonella Paratyphi A now causes the majority of enteric

fever cases and decreased susceptibility against ciprofloxacin is increasing. Overall, Salmo-

nella Typhi was significantly more associated with MDR and DCS compared to Salmonella

Paratyphi A.

Author summary

Enteric fever is a bloodstream infection caused by the bacteria Salmonella Typhi or Salmo-
nella Paratyphi A, B, or C. It is common in low resource settings and linked to poor water

quality and sanitation. The disease is also endemic in Cambodia and since 2013 there has

been a sharp increase in the number of Salmonella Paratyphi A infections. We sought to

compare the clinical phenotypes and antibiotic susceptibilities of Salmonella Paratyphi A

infections with those of Salmonella Typhi infections in this setting. We retrospectively col-

lected demographic, clinical and laboratory data from clinical charts of 254 patients with a

blood culture positive for enteric fever. We also assessed antibiotic susceptibility patterns

and sequenced the genome of a subset of isolates. We found that since 2013 the majority

of enteric fever cases are caused by Salmonella Paratyphi A which increasingly shows

decreased susceptibility to the antibiotic ciprofloxacin, the current first line treatment. In

contrast, in Salmonella Typhi a re-emergence of susceptibility for the former first line anti-

biotics of ampicillin, co-trimoxazole and chloramphenicol was observed. Presenting

symptoms of Salmonella Typhi and Salmonella Paratyphi A were identical, minor differ-

ences were observed in laboratory parameters.

Introduction

Salmonella enterica serovar Typhi (Salmonella Typhi) and Salmonella enterica serovars Paraty-

phi (Salmonella Paratyphi) A, B, and C are Gram-negative bacteria which can invade the

bloodstream and cause typhoid and paratyphoid fever respectively (also jointly known as

‘enteric fever’). They are confined to the human host and are transmitted via the fecal-oral

route. Enteric fever poses a serious disease burden in low resource settings where the infection

is linked to poor sanitation and limited access to safe drinking water [1]. Although enteric

fever has become rare in Western countries it continues to affect international travelers return-

ing from endemic countries [2].

Patients with enteric fever typically present with acute fever and non-specific symptoms.

For a long time, Salmonella Paratyphi A was thought to cause milder disease than Salmonella
Typhi but several studies have contradicted this [1–4].

For both serovars, antibiotic resistance is increasingly reported and there is now widespread

presence of co-resistance against the former first line treatment options of ampicillin, co-tri-

moxazole and chloramphenicol (known as ‘multidrug resistance’) and decreased susceptibility

to ciprofloxacin, the current first line drug [5, 6]. Resistance to ciprofloxacin is also increas-

ingly reported [7, 8]. Worrisome are recent reports on emerging resistance against third-gen-

eration cephalosporins and azithromycin, the current alternative treatment options [9, 10].
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Although historically the majority of enteric fever cases were caused by Salmonella Typhi,

the proportion of Salmonella Paratyphi A infections has been increasing steadily since the turn

of the century, in particular on the Asian continent [11].

In 2013, a significant increase in Salmonella Paratyphi A infections was also observed in

Cambodia, a country where enteric fever remains one of the most common clinical and blood

culture-confirmed diseases [12]. The increase was described in local residents as well as in trav-

elers returning from Cambodia to Europe, New Zealand, Japan and the United States [13–16].

Surprisingly, little is known about the clinical and microbiological characteristics of Salmo-
nella Typhi and Salmonella Paratyphi A infections in Cambodian adults.

This study therefore aims to assess the clinical and microbiological aspects of enteric fever

in patients attending an adult hospital in Phnom Penh, Cambodia, during 2008–2015. More

specifically it aims to assess differences between infections caused by Salmonella Typhi as com-

pared to Salmonella Paratyphi A.

Materials and methods

Study setting & population

Sihanouk Hospital Center of HOPE (SHCH) is a 40-bed non-governmental referral hospital

for adults in Phnom Penh, Cambodia. Since July 2007, SHCH and the Institute of Tropical

Medicine (ITM) in Antwerp, Belgium, have been jointly organising the surveillance of blood-

stream infections at this hospital and its associated clinics. For this study, all data collected

between 2008–2015 were analyzed. Blood cultures were systematically sampled in all patients

presenting at SHCH who were suspected of having sepsis according to the Systemic Inflamma-

tory Response Syndrome (SIRS) criteria [17]. Recently, new definitions and criteria for sepsis

have been proposed such as the Sequential [Sepsis-related] Organ Failure Assessment (SOFA)

score [18]. Over the 8-year period, 18,927 blood cultures were sampled from mostly, but not

exclusively, adults [19]. Of these cultures 1,654 (8,7%) yielded clinically significant organisms.

Clinical review

From all patients whose blood was drawn for culture, basic demographic and clinical data

were registered in a surveillance logbook. A medical doctor verified missing data with patients

during a routine phone call one week after discharge from the hospital which was part of stan-

dard care. In addition, for this study, the available medical charts of all patients with blood cul-

ture-confirmed enteric fever were reviewed retrospectively by a second medical doctor for

additional symptoms and signs.

Laboratory methods

Hematology parameters were analyzed using a Sysmex KX-21 and T-1800i analyzer (Sysmex

Corporation, Kobe, Japan) and CRP values were measured using a TEMIS Linear Analyzer

(Linear Chemicals sl, Montgat, Spain).

Blood cultures were sampled and worked-up as previously described [20]. Isolates bio-

chemically identified as Salmonella spp. were stored at -70˚C on porous beads in cryopreserva-

tive (Microbank, Pro-Lab Diagnostics, Richmond Hill, Canada) and eventually shipped to the

ITM in Belgium. At ITM, the isolates were serotyped using commercial antisera (Sifin, Berlin,

Germany) following the White-Kauffmann-Le Minor scheme. A selection of 91 isolates were

sent to the Institut Pasteur in Paris for confirmation and whole genome sequencing.

At the ITM, antibiotic susceptibility was determined for all available isolates by disk diffu-

sion on Mueller-Hinton II agar in accordance with the CLSI 2016 guidelines [21]. The
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following antimicrobial drugs (Neo-Sensitabs, Rosco, Taastrup, Denmark) were tested: ampi-

cillin, sulfamethoxazole-trimethoprim, chloramphenicol, nalidixic acid, pefloxacin, gentami-

cin, tetracycline, ceftriaxone, ceftazidime, meropenem and ertapenem. Nalidixic acid and

pefloxacin served as predictors for ciprofloxacin non-susceptibility.

In addition, for all available isolates, minimal inhibitory concentration (MIC) values for

ciprofloxacin and azithromycin were determined by the E-test macro method (bioMérieux,

Marcy L’Etoile, France).

Quality control was performed using Escherichia coli (ATCC 25922) and Staphylococcus
aureus (ATCC 29213).

Multidrug resistance (MDR) was defined as co-resistance to ampicillin, chloramphenicol

and trimethoprim-sulfamethoxazole [22]. For comparison with previously published litera-

ture, we used the superseded term ‘decreased ciprofloxacin susceptibility (DCS)’, defined as

MIC-values of�0.12 mg/L and�0.5 mg/L, i.e. currently classified as ‘intermediate susceptibil-

ity’ but associated with treatment failures or delayed treatment response [21].

Assessment of antimicrobial resistance genes and Salmonella Typhi

H58 typing

Whole genome sequencing was carried out on all 65 Salmonella Typhi isolates and a selection

of 26 Salmonella Paratyphi A isolates at the Plateforme de microbiologie mutualisée (P2M)

from the Pasteur International Bioresources network (PIBnet, Institut Pasteur, Paris, France).

Short-read sequences from 30 previously published Salmonella Paratyphi A genomes were

also included [23]. The run accession numbers and related metadata are detailed in S1 Table.

Short-read sequences have been deposited to the European Nucleotide Archive (ENA) (http://

www.ebi.ac.uk/ena) (accession number PRJEB19906).

The MagNAPure 96 system (Roche Diagnostics, Indianopolis, IN, USA) was used for DNA

extraction, libraries were prepared using the Nextera XT kit (Illumina, San Diego, CA, USA)

and sequencing was done with the NextSeq 500 system (Illumina). Read alignment, single

nucleotide polymorphism (SNP) detection and maximum-likelihood phylogeny were carried

out as described previously [23]. Sequence assembly was performed using SPAdes v. 3.6.0 [24].

Salmonella Typhi isolates were categorized as belonging to haplotype H58 based on the

presence of the H58 specific single SNP (T at nucleotide 252 on the gene glpA corresponding

to STY2513 from GenBank accession no. AL513382, Salmonella Typhi CT18) [25]. Genotyphi

(https://github.com/katholt/genotyphi) was also used to classify Salmonella Typhi [26]. Salmo-
nella Paratyphi A isolates were categorized as belonging to clade C5 (the dominant clade in

Cambodia) based on the presence of the C5-specific SNP (G to A at position 2 381 607 within

the SPA_RS11495 gene) [23]. The presence of antibiotic resistance genes was determined with

ResFinder version 2.1 (https://cge.cbs.dtu.dk/services/ResFinder/) [27] and plasmids with

PlasmidFinder version 1.3 (https://cge.cbs.dtu.dk/services/PlasmidFinder/) and pMLST ver-

sion 1.4 (https://cge.cbs.dtu.dk/services/pMLST-1.4/) [27, 28]. The presence of mutations in

the quinolone-resistance determining region of the DNA gyrase and topoisomerase IV genes

(gyrA, gyrB, parC and parE) was assessed by the visual examination of sequences.

Data registration, statistical analysis

Demographic, clinical and microbiological data were entered encoded into an Excel database

that was created for this study (Microsoft, Redmond, WA, USA). The code referring to the

patient identity was only known by two medical doctors. Access to the database was restricted

to these two medical doctors and patient identifiers were removed prior to analysis.
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Only the first isolate and associated clinical data for each unique patient was considered.

Isolates recovered from a second blood culture drawn within two weeks after the initial one

were considered as duplicates, whereas isolates recovered from a repeat blood culture more

than two weeks after the initial one were considered as recurrences (either relapse or repeat

infections). Statistical analysis was done with Stata 12 (Stata Corp., College Station, TX, USA).

Continuous variables are described by a median and interquartile range (IQR). Comparisons

between Salmonella Typhi and Salmonella Paratyphi were performed using a Mann-Whitney

U test for continuous values and a Chi square test or Fisher exact test for proportions. A

p-value of< 0.05 was considered significant.

Ethics

The study was conducted according to the principles expressed in the Declaration of Helsinki

and involves use of information that was previously collected in the course of routine care.

Ethical approval for the Microbiological Surveillance Study was granted by the Institutional

Review Board of the ITM, the Ethics Committee of Antwerp University, and the National Eth-

ics Committee for Health Research in Cambodia. This study and approval includes retrospec-

tive review of demographic and clinical data which are part of routine clinical history taking as

recorded in the clinical chart.

Results

Surveillance of invasive Salmonella infections

Between 1 January 2008 and 31 December 2015 193 Salmonella Paratyphi A isolates were

retrieved from 190 patients and 65 Salmonella Typhi isolates from 64 patients. There were

no Salmonella Paratyphi B or C isolates; sixty-two non-typhoidal Salmonella isolates were

retrieved from 49 patients. The combined annual proportion of Salmonella Typhi and Salmo-
nella Paratyphi A among all clinically significant organisms varied between 2.8% (2008) and

31.7% (2014).

During 2008–2012, enteric fever was caused mostly by Salmonella Typhi (35 cases) and

only 12 cases of Salmonella Paratyphi A infection were identified (Fig 1). In 2013 however, a

sharp increase in the number of Salmonella Paratyphi A cases was observed with a total of 72

unique cases. In 2014 and 2015, the absolute annual number of Salmonella Paratyphi A cases

decreased, but remained higher than for the period preceding 2013. During this period, the

number of Salmonella Typhi cases remained relatively stable.

The majority of Salmonella Paratyphi A (64.7%; 123/190) and Salmonella Typhi infections

(59.4%; 38/64) cases occurred during the dry season (months November—April) while there

was an overall decreasing trend during the rainy season (months June-October) (Fig 2). Com-

pared to the monthly percentage of total blood cultures sampled and clinically significant

organisms found, the monthly combined percentage of Salmonella Typhi and Salmonella Para-

typhi A was higher during the hot and dry season (March—May) and lower during the rainy

season (June-October).

Recurrent infections

There were four cases of recurrent infections (37–48 days interval between first and recurrent

infection), three with Salmonella Paratyphi A and one with Salmonella Typhi; whole genome

sequence data was available for three of the four pairs. SNP analysis of the paired isolates

revealed that they differed by only two or three SNPs and the isolate pairs formed discrete clus-

ters within the trees (S1 and S2 Figs).
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Epidemiological and clinical features

Available epidemiological, clinical and radiographic findings of all enteric fever patients are

listed in Table 1.

Eleven out of 189 (5.8%) Salmonella Paratyphi A patients had a known co-morbidity, i.e.
HIV (n = 7), Diabetes Mellitus type 1 or 2 (n = 3) and leukemia (n = 1). Of 63 Salmonella
Typhi patients also nine (14.3%) had a known co-morbidity, i.e. HIV (n = 7) and Diabetes

Fig 1. Number of unique confirmed blood-culture Salmonella enterica serovar Paratyphi A and

Salmonella enterica serovar Typhi isolates at the Sihanouk Hospital Center of HOPE, Phnom Penh,

Cambodia, 2008–2015.

https://doi.org/10.1371/journal.pntd.0005964.g001

Fig 2. Cumulative monthly percentages of total number of blood culture bottles sampled, clinically significant

organisms (CSO) and Salmonella Paratyphi A and Salmonella Typhi isolated from blood cultures at the Sihanouk

Hospital Center of HOPE, Phnom Penh, Cambodia.

https://doi.org/10.1371/journal.pntd.0005964.g002
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Mellitus type 1 (n = 2). All but one HIV patient were on antiretroviral therapy at time of pre-

sentation. There were 11 patients known to have hepatitis B-positive serology (8 Salmonella
Paratyphi A, 3 Salmonella Typhi). At least five could be classified as inactive chronic carriers

and two had signs of chronic liver disease on ultrasound.

Patients with a Salmonella Paratyphi A infection were more likely to be living in Phnom

Penh compared to Salmonella Typhi patients (81.5% (154/189) vs. 60.3% (38/63); p = 0.001)

but the median duration of illness at presentation was the same (four days).

Eleven (17.5%) patients with typhoid fever and 19 (10.1%) with paratyphoid fever were hos-

pitalized, with no statistically significant difference between the two groups (p = 0.119).

Table 1. Epidemiological, clinical and radiographic findings for patients presenting with enteric fever, according to pathogen (Salmonella Typhi

versus Salmonella Paratyphi A).

N Salmonella Typhi N Salmonella Paratyphi A Significant p-values

Epidemiology (numbers (% of total))

Male 64 32 (50) 190 93 (48.9)

Phnom Penh resident 63 38 (60.3) 189 154 (81.5) 0.001

Hospitalization 63 11 (17.5) 188 19 (10.1)

Previous antibiotic exposurea

Epidemiology (median (IQR))

Median age, years 64 23 (18–30) 190 26 (22–31) 0.015

Median duration of symptoms, days 40 4 (3–7) 112 4 (3–7)

Median duration of hospitalization, days 10b 5.5 (3–6) 19 4 (2–5)

Symptom and signs (numbers (% of total))

Fever 48 48 (100) 182 181 (99.5)

Abdominal pain 48 30 (62.5) 182 113 (62.1)

Diarrhea 48 12 (25.0) 182 40 (22.0)

Constipation 48 4 (8.3) 182 10 (5.5)

Vomiting 48 11 (22.9) 182 27 (14.8)

Headache 43 24 (55.8) 178 114 (64.0)

Cough 40 15 (37.5) 168 46 (27.4)

Physical findings (median (IQR))

Temperature, ˚C 46 38.4 (37.3–39.0) 179 38.0 (37.0–38.8)

Pulse, beats/min. 46 106 (95–119) 179 105 (91–117)

Systolic blood pressure, mm Hg 46 107 (100–117) 179 113 (103–123) 0.036

Diastolic blood pressure, mm Hg 46 67.5 (60–77) 179 70 (64–78)

Physical findings (numbers (% of total))

Fever (Temperature >38˚C) 46 26 (56.5) 179 88 (49.2)

Tachycardia (Pulse >100 beats/min)c 46 27 (58.7) 179 109 (60.9)

Abdominal tenderness 39 15 (38.5) 164 56 (34.1)

Radiographic signs

Ultrasound: Splenomegaly 11 3 (27.3) 38 5 (13.2)

Ultrasound: Hepatomegaly 11 0 (0) 38 6 (15.8)

Chest X-ray: Normal 10 9 (90.0) 32 31 (96.9)

For statistical analysis the X2 test or Fisher exact test was used for proportions and the Mann-Whitney U test for continuous variables. Only statistically

significant p-values are listed

IQR = Interquartile range
a = Two weeks before presentation
b = Data on duration of hospitalization was missing for one Salmonella Typhi patient
c = For children aged 5–12 years (N = 4) tachycardia was defined as >120 beats/min

https://doi.org/10.1371/journal.pntd.0005964.t001
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Reasons for hospitalization included sepsis, persistent fever despite antibiotic therapy, dizzi-

ness due to low blood pressure, suspicion of dengue hemorrhagic fever (thrombocytopenia)

and dysregulated diabetes mellitus. There were no deaths nor complications noted.

The most frequently reported symptoms in all enteric fever patients together were fever in

229 patients (99.6%), headache in 138 (62.4%) and abdominal pain in 143 (62,2%). Presence or

absence of classic enteric fever signs such as a coated tongue and rose spots were infrequently

mentioned in clinical files and therefore not evaluated.

Despite the non-specific symptoms, physicians noted typhoid fever in their differential

diagnosis upon admission in 67.7% (136/201) of the cases.

There were no statistically significant differences in individual symptoms between typhoid

and paratyphoid fever patients, but patients infected with Salmonella Typhi had a slightly but

significantly lower median systolic blood pressure (107 mm Hg vs. 113 mm Hg; p = 0.036).

Treatment was not systematically recorded for all patients as many were lost to follow-up.

Various antimicrobial regimens were used, but ceftriaxone (2g I.V., once daily) was given

most frequently as empirical treatment and as monotherapy, normally for 10–14 days. In case

of de-escalation to oral antibiotics, this concerned mostly ciprofloxacin (500 mg, twice daily)

and next amoxicillin/clavulanate (625 mg, three times a day). In case of persistent fever while

awaiting blood culture results, amikacin was occasionally added to ceftriaxone.

Laboratory parameters

The laboratory parameters of enteric fever patients on admission are summarized in Table 2.

Common laboratory abnormalities for enteric fever patients included moderately risen trans-

aminase levels in 133 patients (70.7%), an elevated CRP in 53 patients (94.6%) and eosinopenia

in 49 patients (90.7%). Hematological abnormalities were uncommon; the leukocyte count

was normal in 88.1% of all patients. Compared to Salmonella Paratyphi A infected patients,

Salmonella Typhi patients had slightly but significantly higher median values for leukocytes

(6.8 x 109/L vs. 6.3 x 109/L; p = 0.035) and C-reactive protein (CRP) (47.0 mg/L vs. 36 mg/L;

p = 0.034), with more presence of leukocytosis (10.0% vs. 2.2% p = 0.015). Salmonella Paratyphi

A infection was associated with a higher monocyte count compared to Salmonella Typhi (0.48

x 109/L vs. 0.33 x 109/L), but this difference did not reach statistical significance (p = 0.069).

Microbiological features

Both anaerobic and aerobic blood cultures showed signs of growth after a median of two days

(IQR 2–3) for all enteric fever patients. In 221 enteric fever patients a pair of one aerobic bottle

and one anaerobic bottle was sampled, and in 180 of those cases (81.4%) both bottles grew. In

the other cases (growth in only a single bottle), it was the aerobic bottle which grew in nearly

two-thirds (65.9%; 27/41) of pairs.

Reported antibiotic exposure in the two weeks before blood culture sampling was not asso-

ciated with a difference in the median days to growth for both aerobic bottles and anaerobic

bottles.

In total, 183 out of 190 (96.3%) unique Salmonella Paratyphi A isolates and all 64 unique

Salmonella Typhi isolates recovered during the study period were available for antibiotic sus-

ceptibility testing (Table 3).

For Salmonella Typhi, there was a significant decrease (p =<0.001) in the proportion of iso-

lates that were MDR over the 8-year period (62.9% vs. 17.2%) while decreased susceptibility to

ciprofloxacin remained at nearly 100% (96.9%; 62/64) during the entire period. For Salmonella
Paratyphi A the emergence of DCS was noted as of 2015 (S1 Table). In this year 19 out of 36

unique isolates (52.8%) showed DCS.
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Overall, Salmonella Typhi was significantly more likely to be MDR and more likely to dis-

play DCS than was Salmonella Paratyphi A (42.2% vs. 0.0%; p =<0.001 and 96.9% vs. 11.5%;

p = <0.001 respectively).

Of note, for both serovars no ciprofloxacin resistance was reported and the presence of nali-

dixic acid and pefloxacin resistance were excellent predictors of DCS except in case of one iso-

late with a single gyrBmutation (Table 4 and S1 Table). Furthermore, no resistance against

third-generation cephalosporins, carbapenems or azithromycin was found.

Molecular analysis of subtypes and resistance mechanisms

All but one of the Salmonella Typhi isolates were confirmed to be of the H58 haplotype

(recently reclassified as the 4.3.1 genotype), with only 27 out of 63 (42.9%) unique H58 isolates

displaying MDR but 98.4% (62/63) displaying DCS. The only non-H58 isolate belonged to

genotype 3.2.1 and was pan-susceptible. All of the Salmonella Paratyphi A isolates with DCS

belonged to the C5 clade.

Most frequently observed in both Salmonella Typhi and Salmonella Paratyphi A with DCS

was the gyrAmutation leading to serine-to-phenylalanine substitution at codon 83 (Ser83Phe)

Table 2. Laboratory parameters at presentation for enteric fever patients attending the Sihanouk Hospital Center of HOPE in Phnom Penh,

Cambodia.

N Salmonella Typhi N Salmonella Paratyphi A Significant p-values

Values expressed as median (IQR)

Hemoglobin, g/L 60 13.1 (12.1–14.2) 186 13.2 (12.2–14.5)

Leukocyte count, cells x 109/L 60 6.8 (5.6–8.8) 186 6.3 (5.1–7.6) 0.035

Monocyte count, cells x 109/L 12 0.33 (0.28–0.55) 41 0.48 (0.37–0.72)

Eosinophil count, cells x 109/L 12 0 (0–0.01) 41 0 (0–0.03)

Basophil count, cells x 109/L 12 0.02 (0.01–0.03) 40b 0.01 (0.01–0.02)

Thrombocyte count, cells x 109/L 52 205 (166–251) 185 205 (165–247)

CRP, mg/L 13 47.0 (38.6–79.2) 43 36.0 (25.2–54.7) 0.034

AST, units/L 40 47.0 (33.5–81.5) 148 43.0 (30.5–72.5)

ALT, units/L 40 38.5 (26–88) 148 39.0 (24.5–72.5)

Sodium mmol/L 33 132 (130–135) 105 135 (132–137) 0.024

Potassium mmol/L 33 3.9 (3.7–4.2) 105 3.9 (3.6–4.1)

Chloride mmol/L 32 99 (96–101) 105 100 (97–102)

Values expressed as numbers (% of total)

Leukocytosis (leukocytes >11 x109/L) 60 6 (10) 186 4 (2.2) 0.015

Leukopenia (leukocytes <4x109/L) 60 4 (6.7) 186 17 (9.1)

Eosinopenia (eosinophils <0.08x109/L) 13 13 (100) 41 36 (87.8)

Thrombocytopenia (<150x109L) 52 11 (21.2) 185 31 (16.8)

Elevated AST and/or ALT (units/L)a 40 28 (70.0) 148 105 (70.9)

For statistical analysis the X2 test or Fisher exact test was used for proportions and the Mann-Whitney U test for continuous variables. Only statistically

significant p-values are listed

ALT = Alanine transaminase

AST = Aspartate transaminase

CRP = C-reactive protein

IQR = Interquartile range
a =� 18 years: Males: AST�35U/L and ALT�45U/L; Females: AST�31U/L and ALT�34U/L; 13–17 years: AST�42U/L and ALT�45U/L; 7–12 years:

AST�48U/L and ALT�44U/L
b = Basophil count not measurable in 1 patient

https://doi.org/10.1371/journal.pntd.0005964.t002
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(Table 4). These isolates showed DCS and resistance to pefloxacin and nalidixic acid. There

was one Salmonella Typhi isolate with a double gyrAmutation and one with a gyrB mutation.

The latter mutation (serine-to-phenylalanine substitution at codon 464 (Ser464Phe)) was asso-

ciated with intermediate susceptibility to nalidixic acid and DCS. No mutations in ParC or
ParE were observed.

Various resistance genes (blaTEM-1B, catA1, sul1, sul2, dfrA7, tet(B), strAB) were detected in

MDR Salmonella Typhi which were associated with the presence of an incHI1 PST6 plasmid

(S1 Table).

Discussion

The present study describes the clinical and microbiological aspects of enteric fever in a large

group of patients attending an adult hospital in Cambodia with several interesting results.

First, and in line with some other Asian countries, a clear increase was noted in the propor-

tion of Salmonella Paratyphi A infections. This can largely be explained by a community out-

break which occurred in 2013, but the number of cases has remained high also in succeeding

years. A recent genetic study on the Cambodian Salmonella Paratyphi A outbreak isolates

showed that these isolates belong to a clade that has been circulating in the South-East Asian

Table 3. Antibiotic resistance rates of 64 Salmonella Typhi isolates and 183 Salmonella Paratyphi A isolates, Sihanouk Hospital Center of HOPE,

Phnom Penh, Cambodia.

2008–2012 2013–2015 2008–2012 2013–2015

Salmonella Typhi

(N = 35)

% resistant

Salmonella Typhi

(N = 29)

% resistant

Salmonella Paratyphi A

(N = 12)

% resistant

Salmonella Paratyphi A

(N = 171)

% resistant

MDR 62.9 17.2 0 0

Nalidixic acid 97.1a 93.1 0 12.3

DCS 100 93.1 0 12.3

MDR + DCS 62.9 17.2 0 0

Tetracycline 62.9 24.1 0 0

Gentamicin 0 0 0 0

Ceftriaxone 0 0 0 0

Azithromycin 0 0 0 0

Meropenem 0 0 0 0

Ertapenem 0 0 0 0

MDR = Multidrug resistance

DCS = Decreased ciprofloxacin susceptibility. Defined as MIC value�0.12 mg/L and�0.5 mg/L
a = The remaining isolate displayed intermediate resistance to nalidixic acid

https://doi.org/10.1371/journal.pntd.0005964.t003

Table 4. Mutations found in the DNA gyrase genes in 62 Salmonella enterica serovar Typhi isolates and 21 Salmonella enterica serovar Paratyphi

A isolates.

Serovar Resistance phenotype MIC-value ciprofloxacin (mg/L) gyrA gyrB

Salmonella Typhi

(n = 62)

NaR, PefR, DCS 0.19–0.38 Ser83Phe (n = 60) -

NaR, PefR, DCS 0.38 Asp87Asn + Ser83Phe (n = 1) -

NaI, PefR, DCS 0.094 - Ser464Phe (n = 1)

Salmonella Paratyphi A

(n = 21)

NaR, PefR, DCS 0.25–0.38 Ser83Phe (n = 20) -

NaR, PefR, DCS 0.125 Asp87Gly (n = 1) -

NaR = Nalidixic acid resistant. NaI = Nalidixic acid intermediate susceptible. PefR = Pefloxacin resistant. DCS = Decreased Ciprofloxacin Susceptibility.

MIC = Minimum Inhibitory Concentration.

https://doi.org/10.1371/journal.pntd.0005964.t004
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region already for decades [23]. Further, no indications were found for significant genetic

changes within the Cambodian isolates suggesting that environmental and/or behavioral fac-

tors are more likely to play a role.

Patients with paratyphoid fever were significantly more likely than typhoid fever patients to

be residents of Phnom Penh, which suggests that exposure to the bacterium is more common

in the city. Previous studies from Nepal and Indonesia have linked paratyphoid fever to recent

immigration into the capital and consumption of street food [29, 30]. Increased dependency

on street food has been linked to urbanization, and Phnom Penh is rapidly expanding.

As part of urban expansion, some of the city’s peri-urban lakes have been filled with sand to

reclaim land [31]. These lakes are estimated to receive 80% of the city’s (untreated) waste

water and act as a natural sewage treatment through aquatic cultivation of vegetables of which

some are consumed raw [32]. Reductions in the size of these lakes could have led to higher

concentrations of fecal sludge and bacteria in the remaining water and increased flooding in

the city [33].

The majority of enteric fever cases occurred in the dry season. During this season more veg-

etables are harvested and it is also known for an increased availability of snails and clams

(bivalve shellfish), due to low water levels in rivers. Shellfish are known to be able to concen-

trate micro-organisms from water. They are popular snacks which are dried outside rather

than boiled during the dry season. In addition, this season coincides with the two most impor-

tant festivities of the year, the Chinese and Khmer New Year which are associated with

increased migration in and out of the city and longer storage duration of food. Last, high daily

temperatures may lead to more indiscriminate intake of water and ice cubes. These factors are

currently being explored more in-depth.

Second, based on individual symptoms at presentation, infections caused by Salmonella
Typhi vs. Salmonella Paratyphi A were similar and indistinguishable, which is in line with

other studies from Asia [3, 4]. For both serovars, the median pulse rates at presentation (106

and 105 beats/minute) were high. This has been noted before in children with enteric fever

[34].

No complications or deaths occurred which could be ascribed to a prompt start of antibiotic

therapy and an early presentation. The latter can also explain the absence of relative bradycar-

dia and the low rate of diarrhea observed which are typically seen in later stages of the disease

[35].

In general, laboratory abnormalities were non-specific and leukocyte counts were normal

in 87.4% of all enteric fever patients which was also found by others [36]. Higher leukocyte

counts and CRP values were found among Salmonella Typhi-infected patients, suggesting a

more severe infection. This is in line with a recent human challenge study, which found that a

challenge with Salmonella Paratyphi A in healthy volunteers resulted in a milder disease profile

(high rates of afebrile bacteremia) than that observed following typhoid challenge [37].

Some differences in presentation were noted when comparing these results to travelers

infected with the same Salmonella Paratyphi A C5 strain returning from Cambodia to France.

In the latter study, the majority of patients did have diarrhea (70.6%) and were hospitalized

(86%) [14]. This difference may be due to other waterborne or oral-fecal infections travelers

frequently contract and/or less financial constrains related to hospital admission [2]. Clinical

presentation in the present study also differed from typhoid fever patients in African countries

where higher rates of severe complications and mortality are observed [38]. As the same H58

haplotype of Salmonella Typhi is dominant in Asia and in eastern Africa, differences could per-

haps be explained by timely access to health care and adequate treatment as well as to host-

related factors including underlying co-morbidities like malnutrition.
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It has been suggested that isolates of the H58 lineage and MDR strains in general are associ-

ated with increased virulence and pathogenicity [39–41]. Therefore the results regarding the

clinical presentation and severity of cases as described here, might not be applicable to areas

where other lineages dominate.

As a third observation, antibiotic resistance trends were very different for the two serovars.

While 42.2% of the unique Salmonella Typhi isolates displayed MDR, none of the Salmonella
Paratyphi A isolates did. DCS was present in nearly all Salmonella Typhi isolates, but only

emerged in Salmonella Paratyphi A from 2015. The rapid increase of DCS in Salmonella Para-

typhi during that year is of concern as ciprofloxacin is the treatment of choice for uncompli-

cated enteric fever.

Fourth, although all but one Salmonella Typhi isolates were found to belong to the globally

dominant H58 haplotype, more than half were not associated with MDR and the proportion

of (plasmid-mediated) MDR Salmonella Typhi significantly decreased during the study period.

This trend has previously been noted in India, Nepal and neighboring country Vietnam [42–

44], but contrasts with a recent study on Salmonella Typhi isolates from rural Cambodia where

89% of the H58 isolates displayed the MDR phenotype [45]. The re-emergence of susceptibility

might result from a lack of antibiotic pressure since fluoroquinolones have become the pre-

ferred treatment both in community and hospital settings in Phnom Penh.

No resistance against ceftriaxone nor against azithromycin was observed. However, reports

on extended spectrum beta-lactamases (ESBL) positive and azithromycin resistant Salmonella
spp. isolates are emerging globally including one from the same hospital on Salmonella enterica
serovar Choleraesuis [20, 46, 47] underlining the importance of continued microbiological

surveillance.

Last, molecular analysis of isolates from three patients with a recurrent infection showed

relapse was more likely than re-infection with isolate pairs differing only 2–3 SNPs which can

occur during the period of persistence within the human body and suggests relapse rather

than re-infection [48]. Relapse is estimated to occur in around 5–10% of enteric fever cases

usually two to three weeks after the resolution of fever [5]. In our study, a blood culture con-

firmed recurrence was witnessed only in 4 out of 254 cases (1.6%). It is likely that other recur-

rent infections have been missed, partly due to the different medical systems that co-exist in

Cambodia in which patients readily switch from one healthcare provider to another, especially

if symptoms persist.

This study has several limitations. First, the hospital-based setting precluded generalization

to patients whose symptoms were not severe enough to seek medical care in a hospital or

clinic. Second, the study concerned mostly adults and therefore findings might not be equally

applicable to a pediatric population. Third, the study was retrospective in nature; not all clini-

cal charts were available for review and clinical record keeping was variable among different

clinicians. It was not possible to reliably estimate time to defervescence.

Despite these limitations, this is one of the largest and most comprehensive descriptive

studies on Salmonella Paratyphi A infections so far which is relevant given the global increase

in Salmonella Paratyphi A infections. The data do not represent one single hospital, but several

clinics located in different districts of the city. Some of these clinics have reduced rates for the

poor and during the study period all blood cultures were provided for free. This helped to

overcome some of the bias associated with a hospital based study.

The high proportion of Salmonella Typhi and Paratyphi A recovered from blood cultures

indicated that enteric fever is a very frequent disease in Phnom Penh. While efforts are made

to increase the microbiological diagnostic capacity in the country, a rapid test for invasive Sal-
monella infections would be a welcome tool for fast and reliable diagnosis. It could increase
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knowledge on the burden of disease in the community and could replace the flawed Widal test

that is still frequently used.

As the current Salmonella Typhi vaccine provides no to very little protection against Salmo-
nella Paratyphi A, the development of an effective Salmonella Paratyphi A vaccine should be

promoted, pending improved water quality and sanitation [49].

Conclusion

Enteric fever is frequent in Phnom Penh and the proportion of cases due to Salmonella Paraty-

phi A has increased. Studies to investigate risk factors and possible transmission routes are

urgently needed to advise public health interventions. No MDR was observed for Salmonella
Paratyphi A but DCS increased rapidly. DCS remained highly prevalent in Salmonella Typhi

while MDR rates have declined. Ceftriaxone and azithromycin remain highly active in vitro

but continued surveillance is imperative to monitor resistance.

Supporting information

S1 Table. Strain list and accession numbers for organisms used in this study.

(XLSX)

S1 Fig. Maximum Likelihood (ML) tree of 185 Salmonella Paratyphi A genomes. Maximum

Likelihood (ML) tree of 185 Salmonella Paratyphi A genomes including 159 previously pub-

lished genomes (Kuijpers & Le Hello et al., 2016 [23] and Zhou et al., 2014 [50]). Fifty-six

genomes represent isolates collected at the Sihanouk Hospital Center of HOPE, Phnom Penh,

Cambodia between 2008–2015. For readability, only the position of the reference genome (Sal-
monella Paratyphi A ATCC 9150) and the paired isolates are shown. Only clades C1-C5 are

indicated. The big arrow indicates the paired isolates (ID 6778 and 6748, 2 SNPs difference; ID

6610 and 6670; 3 SNPs difference).

(PPTX)

S2 Fig. Maximum Likelihood (ML) tree of 66 Salmonella Typhi genomes. Maximum Likeli-

hood (ML) tree of 66 Salmonella Typhi genomes including the Salmonella Typhi CT18 refer-

ence genome (AL513382) and 65 genomes of Salmonella Typhi isolates collected at the

Sihanouk Hospital Center of HOPE, Phnom Penh, Cambodia between 2008–2015. For read-

ability, only the position of the reference genome (Salmonella Typhi CT18) and of the paired

isolates (ID 4764 and 4855, 3 SNPs difference) are indicated (with a big arrow).

(PPTX)

S1 Checklist. STROBE checklist.

(PDF)

Acknowledgments
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