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Introduction
Bacterial meningitis affecting newborn or 
very young infants occurs when the menin-
ges are infected by bacteria which have usu-
ally spread via the haematogenous route 
(National Institute for Health and Care 
Excellence, 2010). A prospective, enhanced, 
national population-based active surveil-
lance study to determine the incidence, 
aetiology and outcome of bacterial menin-
gitis in infants aged <90 days in the UK and 
Ireland undertaken by the British Paediatric 
Surveillance Unit reported an annual inci-
dence of 0.38/1000 live-births; the most 
commonly identified causative organisms 
were Streptococcus agalactiae (group B strep-
tococcus), Escherichia coli, Strep. pneumoni-
ae, Neisseria meningitides and Listeria mono-
cytogenes (National Institute for Health and 
Care Excellence, 2010; Okike et al, 2014). 

Salmonella spp. are rarely encountered as 
the infectious cause of meningitis, particu-
larly during the neonatal period.

Non-typhoidal Salmonella spp. are 
increasingly being recognized as an impor-
tant causative organism in invasive salmo-
nellosis, a significant proportion of which 
have been transmitted through contact 
with exotic reptile pets including snakes, 
turtles and lizards (Editorial team et al, 
2008). Farm animals are a recognized res-
ervoir of Salmonella spp. (Davison et al, 
2005). This article describes a case of neo-
natal meningitis with sepsis caused by 
non-typhoidal Salmonella in a neonate, 
probably contracted from farm animals. 

Discussion
This case of Salmonella agama-associated 
meningitis is possibly the first document-
ed case in the UK. The authors are aware 
of only one previous reported case of sal-
monellosis caused by the same organism 
(Appas et al, 1966). A systematic review of 
neonatal meningitis in England and Wales 
between 1975 and 1991 identified 
Salmonella spp. as the causative organism 
in only 0.9% of cases of bacterial meningi-
tis affecting newborn babies (Synnott, 
1994) and 0.2% of cases of bacterial men-
ingitis at other ages. In the last 5 years 
Public Health England has documented 
only one or two cases per year of meningi-
tis in infancy caused by non-typhoidal 
Salmonella spp. (Public Health England, 
personal communication, 2014). 

In 1956, isolated from the faeces of 
agama lizards (Agama agama) in Nigeria, S. 
agama was characterized as a new serotype 
of Salmonella enterica (Collard and 
Montefiore 1957). The organism has been 
associated with human illness, notably as a 
cause of traveller’s diarrhoea in tropical 
African countries where exposed foodstuffs 
may be contaminated by lizards and other 
small reptiles (Bélard et al, 2007). 
Subsequent to its initial microbiological 
identification S. agama had been recovered 
from a wide variety of reptilian, avian and 
mammalian sources (Otokunefor et al, 
2003; Wilson et al, 2003; Orji et al, 2005).

A study of randomly selected dairy cattle 
farms in England and Wales between 
October 1999 and February 2001 found 
that the prevalence of all Salmonella serov-

Case Report
A 3-week-old girl presented with a 6-hour history of fever, irritability and poor feeding. She was born at term 
by normal vaginal delivery with no risk factors for sepsis identified. Clinical assessment revealed a temperature 
of 38°C, heart rate 180/min, respiratory rate 54/min and a central capillary refill time of 3–4 seconds. She 
was alert but irritable. A bulging anterior fontanelle was noted but the systemic examination was otherwise 
unremarkable. A diagnosis of meningitis with sepsis was suspected and she was admitted. Blood, CSF and urine 
samples were obtained, a fluid bolus of 10 ml/kg with 0.9% saline was given, then intravenous cefotaxime 
was started. She was monitored for temperature, neurological status, activity and fluid balance.

Laboratory investigations showed C-reactive protein of 220 mg/litre, CSF white cell count of 900x109/
litre (90% were polymorphs, 10% lymphocytes); CSF protein 13.2 g/litre and glucose 0.1 mmol/litre 
(blood glucose was 3.2 mmol/litre). Gram stain of the CSF revealed no organisms, and there was no 
bacterial growth at 48 hours or subsequently; however, the CSF sample was obtained after antibiotics 
were administered. Following microbiology discussion and advice, and in view of the patient’s age, initial 
presentation and CSF results, amoxicillin and gentamicin were added to the antibiotic therapy to cover for 
Escherichia coli and Listeria monocytogenes infections.

Improvement in clinical condition was noted within 48 hours of commencing antibiotics and her feeding 
improved. The blood culture results at 48 hours showed growth of gram-negative bacilli which were initially 
considered to be indicative of E. coli infection. Amoxicillin and gentamicin were discontinued after discussion 
with the microbiology service, but by the third week of treatment the organism was identified definitively 
by the Public Health England reference laboratory as Salmonella agama Serotype I 4,12: i : 1,6, susceptible 
to cefotaxime and ceftazidime. Intravenous cefotaxime was given for a total of 6 weeks. Stool and urine 
cultures showed no bacterial growth. Discussions with the family identified the only potential reptilian 
source of infection to be a tortoise kept as a pet by the patient’s maternal grandmother, but there had 
been no direct contact of the child or her family with the animal. Further history revealed that the patient’s 
father worked in a farm which involved regularly handling of cattle and this was judged to be the most 
likely source of the bacterium. The girl had recovered completely by discharge and at 1 year showed 
normal growth and developmental progress. 

Dr Paul A Heaton is Consultant 
Paediatrician, Dr Huma Mazhar is 
Specialty Trainee Year 8 in Paediatrics, Dr 
Armeta Nabahi is Specialty Trainee Year 8 
in Paediatrics, Dr Andrew M Fernando 
is Consultant Paediatrician and Dr Siba 
P Paul is Specialty Trainee Year 8 in 
Paediatrics in the Department of Paediatrics, 
Yeovil District Hospital NHS Foundation 
Trust, Yeovil, Somerset BA21 4AT

Correspondence to: Dr SP Paul  
(siba@doctors.org.uk)

Neonatal meningitis and septicaemia caused by 
Salmonella agama



Case Report

British Journal of Hospital Medicine, August 2015, Vol 76, No 8� 485

©
 2

01
5 

M
A 

H
ea

lth
ca

re
 L

td

ars in faecal samples of the domestic live-
stock ranged from 12.1 to 24.7%. This 
increased in late summer, with the preva-
lence of S. agama being 1.8–7.6% (Davison 
et al, 2005). The organism is considered to 
be endemic among cattle in south-west 
England, the region where this patient lived.

In the UK S. agama has also been recov-
ered from faeces sampled from the latrines 
of wild badgers. It has been suggested that 
wildlife, including badgers, may act as a 
reservoir of infection for domestic livestock 
(Wilson et al, 2003). 

The other well-recognized source of 
non-typhoidal Salmonella spp. transmis-
sion is from exotic animals, in particular 
reptiles including snakes, lizards, tortoises 
and terrapins which are commonly kept as 
pets in European countries. In many cases, 
owners remain unaware of the actual risk 
of pathogens carried by their reptilian pets 
(Editorial team et al, 2008). Salmonellosis 
associated with exotic pets is a public 
health problem, and safe cleaning and han-
dling advice needs to be emphasized. 

Intravenous administration of antibiotics 
is recommended in infants younger than 
3 months of age who are treated for serious 
bacterial infections (National Institute for 
Health and Care Excellence, 2013). 
Intravenous ceftriaxone is preferred for 
treatment of Salmonella meningitis in 
infants, although it is not recommended in 
jaundiced, hypoalbuminaemic or acidotic 
neonates. Where cefotaxime is used instead 
of ceftriaxone, a very high daily dose of 
200–300 mg/kg/day is recommended, 
although neonates were not specifically 
considered by Soe and Overturf (1987) in 
the review. Although there is a lack of data 
on the optimal duration of antibiotics 
therapy in Salmonella meningitis, continu-
ation of therapy for a minimum of 3 weeks 
after the first sterile CSF sample has been 

suggested (Price et al, 2000). Price et al 
(2000) suggested that the repeat CSF 
specimen should be taken no earlier than 
day 4 after commencing antibiotic treat-
ment as CSF cultures from patients with 
Salmonella meningitis have been reported 
to remain positive for prolonged periods in 
some cases.   

Conclusions
Neonatal meningitis is a serious infection; 
early identification and appropriate treat-
ment is usually associated with an improved 
outcome. Salmonella is a rare cause of 
meningitis in the UK, and enquiries into 
the potential source should be made espe-
cially where non-typhoidal Salmonella spp. 
are identified. Longer duration of antibi-
otic therapy is usually necessary and an 
interval lumbar puncture may be useful to 
guide the total duration of antibiotic ther-
apy. Strict import restrictions on exotic 
pets and public awareness campaigns about 
dangers from such pets may be effective 
public health measures. BJHM 

Appas J, Kieffer L, Sigwalt D (1966) A case of 
salmonellosis due to "S. agama". Arch Fr Pediatr 
23(10): 1197–200

Bélard S, Kist M, Ramharter M (2007) Travel-
related Salmonella Agama, Gabon. Emerg Infect 
Dis 13(5): 790–1 (doi: 10.3201/eid1305.061275)

Collard P, Montefiore D (1957) The agama lizard as 
reservoir of salmonellae in Nigeria. Nature 
179(4551): 164 (doi: 10.1038/179164b0)

Davison HC, Smith RP, Pascoe SJ et al (2005) 
Prevalence, incidence and geographical 
distribution of serovars of Salmonella on dairy 
farms in England and Wales. Vet Rec 157(22): 
703–11 (doi:10.1136/vr.157.22.703)

Editorial team, Bertrand S, Rimhanen-Finne R et al 
(2008) Salmonella infections associated with 
reptiles: the current situation in Europe. Euro 
Surveill 13(24): pii: 18902

National Institute for Health and Care Excellence 
(2010) Bacterial meningitis and meningococcal 
septicaemia in children. CG102. www.nice.org.
uk/CG102 (accessed 9 May 2014)

National Institute for Health and Care Excellence 
(2013) Feverish Illness in Children. CG160. 

www.nice.org.uk/CG160 (accessed 9 May 2014)
Okike IO, Johnson AP, Henderson KL et al (2014) 

Incidence, Aetiology and Outcome of Bacterial 
Meningitis in Infants Aged <90 days in the UK 
and Republic of Ireland: prospective, enhanced, 
national population-based surveillance. Clin Infect 
Dis 59(10): e150–7 (doi:10.1093/cid/ciu514)

Orji M, Onuigbo H, Mbata T (2005) Isolation of 
Salmonella from poultry droppings and other 
environmental sources in Akwa, Nigeria. Int J 
Infect Dis 9(2): 86–8 (doi: 10.1016/j.
ijid.2004.04.016)

Otokunefor T, Kindzeka B, Ibiteye I, Osuji G, Obi 
F, Jack A (2003) Salmonella in gut and droppings 
of three pest lizards in Nigeria. World J Microbiol  
Biotech 19: 545–8 (doi: 
10.1023/A:1025162517741)

Price EH, de Louvois J, Workman MR (2000) 
Antibiotics for Salmonella meningitis in children. 
J Antimicrob Chemother 46(5): 653–5 (doi: 
10.1093/jac/46.5.653)

Soe GB, Overturf GD (1987) Treatment of typhoid 
fever and other systemic salmonelloses with 
cefotaxime, ceftriaxone, cefoperazone, and other 
newer cephalosporins. Rev Infect Dis 9(4): 719–36 
(doi: 10.1093/clinids/9.4.719)

Synnott MB, Morse DL, Hall SM (1994) Neonatal 
meningitis in England and Wales: a review of 
routine national data. Arch Dis Child 71(2): F75–
80 (doi: 10.1136/fn.71.2.F75)

Wilson JS, Hazel SM, Williams NJ, Phiri A, French 
NP, Hart CA (2003) Nontyphoidal Salmonellae 
in United Kingdom Badgers: Prevalence and 
Spatial Distribution. Appl Environ Microbiol 
69(7): 4312–15 (doi: 10.1128/AEM.69.7.4312-
4315.2003)

LEARNING POINTS
n	 Invasive salmonellosis caused by non-

typhoidal Salmonella spp. is often 
transmitted by a reptilian contact. 

n	 Enquire about exotic pets and parental 
occupation when taking a history. 

n	 Prolonged course of antibiotics are 
necessary in comparison with other 
bacterial causes of meningitis. 

n	 Salmonellosis associated with reptiles is a 
continuing public health concern. 

n	 Increased public awareness is the key to 
prevention.

Inverse takotsubo cardiomyopathy in a young woman investigated by 
non-invasive coronary CT angiogram

Lower limb lymphoedema and obesity: a much neglected association

Visual hallucinations: I can’t believe what’s happening in front of my eyes

Muscle wasting, bone pain, and cognitive decline: a unifying diagnosis
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Introduction
Pulse�oximetry�is�widely�used�in�the�clini-
cal� assessment� of� oxygen� saturations� and�to�assess�respiratory�function.�The�oxime-
ter�detects�light�absorption�at�two�different�wavelengths�of�light�and�uses�this�to�calcu-
late� the� amount� of� oxyhaemoglobin� and�deoxyhaemoglobin�present.�Haemoglobin�variants�can�result�in�additional�absorption�in�these�spectra�leading�to�inaccurate�oxy-
gen�saturations.

Clinicians� rely� on� oximetry� for� non-
invasive�assessment�of�oxygen� levels.�This�article�presents� a� case�of� an�unusual�hae-
moglobinopathy� causing� falsely� low� oxy-
gen�saturations�and�reviews�the�pitfalls�and�limitations�of�pulse�oximetry.�

Discussion
The�causes�of�hypoxaemia�can�be�divided�into� five� categories�which�are�outlined� in�Table 1.

The� normal� imaging� and� pulmonary�function� excluded� many� of� the� causes� of�hypoxia.� The� sleep� study� in� isolation�

would�suggest� that� the�patient�was�hypo-
ventilating�but�she�had�neither�the�clinical�symptoms� of� hypoventilation� (e.g.� head-
aches,� sleepiness,� snoring� or� witnessed�apnoeas)�nor� an�underlying� clinical�diag-
nosis�to�precipitate�hypoventilation.

The� intermittent� episodes� of� shortness�of�breath� are� felt� to�be�panic� attacks� and�patient� has� remained� well� after� 1�year� of�follow�up.

Haemoglobin lansing
More�than�1000�haemoglobin�variants�have�been�identified�(Hardison�et�al,�2002).�The�majority� do� not� interfere� with� oximetry�readings.� Haemoglobin� lansing� was� first�described�in�2009�(Sarikonda�et�al,�2009).�It� is� the� consequence� of� a� single� point�mutation� (CAC� to� CAG)� at� codon� 87� of�the�alpha-2�gene.�Oxygen�affinity�is�normal�and�thus�it�is�of�no�clinical�significance.�
Pulse� oximeters� emit� light� at� wave-

lengths� of� 660�nm� and� 940�nm� and�measure� the� differential� absorption� of�oxyhaemoglobin�and�deoxyhaemoglobin�at�each�of�these�wavelengths.�It�is�thought�that� haemoglobin� lansing� (Zur� et� al,�2008)�has�spectral�absorption�at�660�nm�meaning�that�the�oximeter�mistakes�it�for�deoxyhaemoglobin,� leading� to� a� spuri-
ously�low�oximeter�reading.

Arterial� sampling� and� use� of� blood��co-oximetry� is�more�accurate�as�modern�co-oximeters�measure�absorbance�at�over�100� wavelengths� on� a� spectrum� from�450–700�nm�(Pamidi�et�al,�2009).�
This� case� highlights� the� importance� of�understanding� the� limitations� of� pulse�oximetry.�When�a�spurious�reading�is�con-

sidered� this� can� be� confirmed� by� arterial�blood�gas�sampling.�A�discrepancy�between�oxygen�saturations�and�peripheral�capillary�oxygen�saturation�should�lead�the�clinician�to� consider� investigation� for� rare� variant�haemoglobins.�BJHM

Case Report
A 38-year-old patient of Caribbean descent with a history of epilepsy was seen at the respiratory outpatient department. During an inpatient stay, her oxygen saturations on pulse oximetry (SpO2) had been noted to be 91% on ambient air. 

She reported variable shortness of breath. She had no symptoms of sleep-disordered breathing. She was an ex-smoker with a 10-pack year history and her medications were levetiracetam, clobazam, pantoprazole, folic acid and calcium supplements. Her SpO2 was confirmed as 90% on room air. Clinical examination was unremarkable.
Pulmonary function testing revealed forced expiratory volume in 1 second (FEV1) 1.97 litres (86% predicted), forced vital capacity (FVC) 2.49 litres (94% predicted), and FEV1/FVC ratio of 79%. Gas transfer coefficient for carbon monoxide was 6.94 mmol/min/kPa (86% predicted). A chest radiograph, computed tomography of the chest and echocardiogram with bubble study were all normal. A sleep study showed mean saturations of 88% with a normal 4% oxygen desaturation index.Given the lack of symptoms of hypoventilation and normal investigations the possibility of a spurious recording from the pulse oximeter was considered. An arterial blood gas on room air revealed pH 7.43, pO2 12.8 kPa, pCO2 4.93 kPa. Arterial blood oxygen saturation was 97%, methaemoglobin level was 0.8% (normal range 0–2%). Sickle cell screening and routine haemoglobinopathy panels were negative.She was referred to the haematology department for further investigation and DNA sequencing confirmed the presence of haemoglobin lansing.
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LeARning PointS
n Knowledge of the mechanism of action 

and limitations of pulse oximetry enables 
spurious results (when present) to be 
suspected.

n In the event of a suspected spurious 
reading from a pulse oximeter clinicians 
should have a low threshold for 
performing arterial blood gas sampling.

n Patients should not be diagnosed as 
having nocturnal hypoventilation unless 
they have an underlying reason to explain 
their hypoventilation (e.g. restrictive lung 
disease, neuromuscular disease).

The pitfalls of oximetry

Low inspired oxygen Decreased inspired oxygen   concentration (e.g. altitude)
Hypoventilation Obesity hypoventilation   syndrome
 Opioid toxicity
Right-to-left shunting  Tetralogy of Fallot
 Intrapulmonary  
 arteriovenous malformations
Ventilation and Pulmonary emboli
perfusion mismatch Emphysema
Diffusion defects Interstitial lung disease

Table 1. Differential diagnosis of 
hypoxaemia 
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Introduction
Budd–Chiari� syndrome� is� an� unusual�

event�caused�by�obstruction�of�the�hepatic�

veins�which�has�rarely�been�described�fol-

lowing�central�line�placement.�This�article�

describes� a� case,� lists� the� complications�

associated� with� central� venous� catheters�

and�highlights�the�importance�of�checking�

serial�radiographs�for�adequate�line�place-

ment.�

Discussion
Central� venous� lines� are� optimally� posi-

tioned�with�a�line�tip�distal�to�the�venous�

valves� at� the� origin� of� the� superior� vena�

cava,�which�lies�to�the�right�of�the�midline�

at� the� first� intercostal� space.� On� a� chest�

radiograph� this� is� just� above� the� level� of�

the�right�atrium�overlying�the�anatomical�

position�of�the�superior�vena�cava.�Budd–

Chiari�syndrome�is�one�of�several�potential�

complications� associated� with� placement�

of�central�lines�(Table 1).�

Migrations� are� rarer� than� malposition-

ing�(McGee�et�al,�1993)�and�both�should�

be� detected� by� chest� radiography.�

Migrations�of�central�lines�to�various�sites�

have� been� described,� including� into� the�

azygous� vein� (Haygood� et� al,� 2012)� and�

superior� vena� cava� (Prabaharan� and�

Thomas,� 2014).� To� the� authors’� knowl-

edge� only� one� case� of� Budd–Chiari� syn-

drome�secondary�to�placement�of�a�central�

venous�catheter�has�been�reported�(Barreau�

et�al,�2008).
Budd–Chiari� syndrome� is� uncommon,�

occurring�in�approximately�1�per�100�000�

of� the� general� population� (Valla,� 2009),�

and�results�from�obstruction�of�the�hepatic�

veins,� the� inferior� vena� cava� or� both.�

Aetiological� factors� for� primary� Budd–

Chiari�syndrome�are�typically�inherited�or�

Case Report

A 69-year-old woman with multiple comorbidities, including lobectomy for lung adenocarcinoma and end-

stage renal failure secondary to amyloidosis, was admitted with severe hyperkalaemia and urinary sepsis. 

A right internal jugular line was inserted for resuscitation and possible dialysis. The initial chest radiograph 

showed the tip of the catheter at the level of the right atrium. The patient became increasingly unwell with 

vomiting, abdominal pain, decreased appetite, weight loss and jaundice. Serology indicated deranged liver 

function tests (albumin 14 g/litre (normal range 35–40 g/litre), alkaline phosphatase 786 IU/litre (30–

130 IU/litre), alanine aminotransferase 78 IU/litre (10–40 IU/litre) and total protein 45 g/litre (61–79 g/

litre)). The coagulation profile was normal. 

Repeat chest radiography showed inferior migration of the catheter tip to a sub-diaphragmatic 

position (Figure 1). Computed tomography of the chest and abdomen excluded malignant recurrence, 

but demonstrated moderate ascites and a right pleural effusion. The catheter was confirmed to be in the 

inferior vena cava with thrombus extending from the tip to within the suprahepatic inferior vena cava 

and left and middle hepatic veins. Heterogeneous hypo-attenuation of much of the liver was also evident 

(Figures 2 and 3). Clinical and radiological findings were consistent with Budd–Chiari syndrome. Owing to 

the aforementioned comorbidities and deteriorating hepatic and renal function, the patient died.
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Budd–Chiari syndrome: a rare complication of 

central venous line placement

Figure 1. Repeat chest radiograph demonstrating 

migration of the central line tip to below the level 

of the right hemidiaphragm (arrow).

Figure 2. Axial contrast-enhanced computed 

tomography demonstrates thrombus in the hepatic 

veins extending out from the tip of the central 

line (arrow a) and low attenuation ‘nutmeg’ 

appearance of the liver (arrow b). 

Early (procedural) Haematoma, arterial puncture,  

 venous rupture

 Pneumothorax, haemothorax 

 Pneumomediastinum

 Air embolism

 Malpositioning

 Catheter transection

Late Catheter-related infection

 Catheter occlusion or thrombosis

 Catheter fracture

 Catheter migration

 Embolic events

 Budd–Chiari syndrome

Table 1. Complications of central 

venous catheters
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