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Complexities in the early recognition 
and treatment of meningitis and 

septicaemia: 
The unstoppable force of sepsis hitting the 
immovable object of antibiotic resistance?



Decreasing admissions for 
meningitis and septicaemia.

Lancet Infect Dis. 2014;14:397-405



Increasing hospital admissions for children.
Arch Dis Child. 2013;98:328-34



Very low rates of culture-confirmed 
invasive bacterial infections. 

Arch Dis Child. 2014;99:526-31 
• 5 Hospitals in SW London, over 3 years

• 46,039 admissions 

• Blood/CSF cultures obtained during 45% of 
admissions

• 2.4% (504) clinically significant

• 1.1% of hospital admissions 

• Incidence of community-acquired invasive 
bacterial infection only 6.4/100 000



Finding a needle in a haystack?



Feverish illness in children

Assessment and initial management in 
children younger than 5 years

NICE clinical guideline 160



LOW RISK INTERMEDIATE RISK HIGH RISK

Colour Normal colour of skin lips or 

tongue

Pallor reported by parent / carer Pale / mottled / ashen / blue

Activity Responds normally to social 

cues

Content / smiles

Stays awake or awakens 

quickly

Strong normal cry / not 

crying

Not responding normally to social 

cues

Wakes only with prolonged 

stimulation

Decreased activity

No smile

No response to social overtures

Ill appearing to a healthcare 

professional

Unable to rouse or if roused does 

not stay awake 

Weak / high pitched /continuous 

cry

Respiratory Nasal flaring age <12 months 

Tachypnoea: 

RR >50bpm age 6-12 months

RR >40bpm age >12 months

Oxygen saturation < 95% in air

Crackles in the chest              

Grunting 

Tachypnoea

RR > 60bpm

Moderate to severe chest 

indrawing

Circulation 

and

Hydration

Normal Skin and Eyes 

Moist mucus membrane 

Dry mucous membrane

Poor feeding in infants *

Capillary refill time >=3 seconds

Reduced urine output

Tachycardia:

> 160 beats/minute, age < 1 year

> 150 beats/minute, age 1-2 years

> 140 beats/minute , age 2-5years

Reduced Skin turgor

Other AND NONE 

OF THE AMBER OR RED 

SYMPTOMS OR SIGNS

Swelling of a limb or joint

Non weight bearing limb/ not 

using an extremity

Rigors

Non blanching rash 

Bulging fontanelle 

Neck stiffness

Focal neurological signs

Focal seizures

Fever for >= 5 days

Age 3-6months Temp >=39o C

Age 0-3months Temp >=38o C

Give immediate parenteral antibiotics to children if they 
are:

- shocked
- unrousable
- showing signs of meningococcal disease.











LOW RISK INTERMEDIATE RISK HIGH RISK

Colour Normal colour of skin lips or 

tongue

Pallor reported by parent / carer Pale / mottled / ashen / blue

Activity Responds normally to social 

cues

Content / smiles

Stays awake or awakens 

quickly

Strong normal cry / not 

crying

Not responding normally to social 

cues

Wakes only with prolonged 

stimulation

Decreased activity

No smile

No response to social overtures

Ill appearing to a healthcare 

professional

Unable to rouse or if roused does 

not stay awake 

Weak / high pitched /continuous 

cry

Respiratory Nasal flaring age <12 months 

Crackles in the chest              

Grunting

Apnoea 

Tachypnoea: 

RR >50bpm age 6-12 months

RR >40bpm age >12 months

Oxygen saturation < 90% in air

Circulation 

and

Hydration

Normal Skin and Eyes 

Moist mucus membrane 

Dry mucous membrane

Poor feeding in infants *

Capillary refill time >=3 seconds

Reduced urine output

Reduced Skin turgor

Tachycardia:

> 160 beats/minute, age < 1 year

> 150 beats/minute, age 1-2 years

> 140 beats/minute, age 2-5years

< 60 beats/minute, any age 

Other AND NONE 

OF THE AMBER OR RED 

SYMPTOMS OR SIGNS

Swelling of a limb or joint

Non weight bearing limb/ not 

using an extremity

Rigors

Non blanching rash 

Bulging fontanelle 

Neck stiffness

Focal neurological signs

Focal seizures

Fever for >= 5 days

Age 3-6months Temp >=39o C

Age 0-3months Temp >=38o C

Any age Temp <36o C

For children aged under 5 years who 
have suspected sepsis and 1 or more 
high risk criteria:

- give a broad-spectrum antimicrobial 
at the maximum recommended dose 
within 1 hour



Deriving temperature and age appropriate heart 
rate centiles for children with acute infections

Arch Dis Child. 2009;94:361-5

• 1589 children with self limiting infections

• Heart rate increased by 10 bpm with each 1 
degrees C increment in temperature



Pulse in children with meningococcal septicaemia

Arch Dis Child. 2011; 96: 368–373.



NICE Sepsis guideline in use.
Arch Dis Child. 2018. pii: archdischild-2018-314865

• Paediatric Emergency Dept; Feb - May 2017. 

• 4322 children attended 

• 216 (5%) had one or more high-risk criterion. 

159 children (73%) tachycardia. 

• Senior decision-making doctor gave 17 (7.8%) 
intravenous antibiotics

• 1 child had bacteraemia  



Every action has an equal and 
opposite reaction





Natural selection
Antibiotics



Natural selection
Antibiotics



Natural selection



English surveillance programme for antimicrobial utilisation and resistance (ESPAUR) Report 2017 
 

23 

 
 

Figure 2.10 Carbapenemases produced by CPE referred to the PHE AMRHAI  
Reference Unit 
 

In addition to the ‘big 5’ carbapenemase families, other less common carbapenemase 

types including GES, IMI, SME and FRI were detected and there is evidence that some 

are circulating in the UK.  

 

1. GES (Guiana extended-spectrum (GES) β-lactamases can confer carbapenemase 

or extended-spectrum β-lactamase (ESBL) activity depending on the gene variant. 

GES carbapenemases have been identified by AMRHAI in P. aeruginosa 

(particularly sequence type [ST] 235) and various species of Enterobacteriaceae 

since 2012.20 Isolates have mostly been sporadic. Exceptions are: (i) a laboratory in 

the North East that has submitted GES-5 carbapenemase-positive P. aeruginosa 

ST235 since 2012; and (ii) an outbreak involving GES-5-positive K. oxytoca in a 

London hospital in 2015.21 Whilst AMRHAI has been able to identify potential 

markers for GES carbapenemase production in the antibiograms of P. aeruginosa, 

phenotypic detection of CPE producing GES is complicated by the diverse range of 

carbapenem MICs noted in positive isolates received to date, meaning that some 

GES carbapenemase-positive isolates may be misinterpreted as ESBL producers 

with reduced susceptibility to the carbapenems contingent upon porin loss. 

 

                                            
 
20 

Hopkins KL et al. GES carbapenemases in Enterobacteriaceae and Pseudomonas aeruginosa in the United Kingdom. ASM 

Microbe 2016; Boston, Mass. 
21 

Eades C et al. GES-5 carbapenemase-producing Klebsiella oxytoca causing clinical infection in a UK haematopoietic stem-

cell transplantation unit. 26th ECCMID; Amsterdam, The Netherlands 
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Figure 2.13 Location of patient recorded on ERS with confirmed CPE  
(May 2015 – May 2017) 
 

=Antibiotic resistance in Neisseria gonorrhoeae 

Resistance in N. gonorrhoeae is a major concern globally, as it has emerged for all 

classes of antimicrobials used for treatment. Previous therapies include penicillin, 

ciprofloxacin and cefixime, all of which were replaced in the UK as the prevalence of 

AMR breached the W HO recommended threshold (≥5% of infections resistant to the 

first line therapy). In March 2017, N. gonorrhoeae was included as a high priority on the 

WHO list of pathogens that require the urgent development of new antibiotics to remain 

treatable. 

 

In the 2016 GRASP survey, 1,284 isolates of N. gonorrhoeae from 25 genitourinary 

medicine (GUM) clinics were successfully tested for antimicrobial susceptibility and 

matched to clinical data. With regard to resistance to first-line therapy (combination of 

ceftriaxone and azithromycin), no isolates were resistant to ceftriaxone (MIC >0.125 

mg/L) and there was a decline in the proportion of isolates resistant to azithromycin 

(MIC >0.5mg/L) from 9.8% in 2015 to 4.7% in 2016.28 The proportion of isolates 

resistant to the previous front-line drug cefixime (MIC >0.125 mg/L) increased from 

0.4% in 2015 to 1.7% in 2016. Over the same time resistance to ciprofloxacin (MIC > 

0.06 mg/L) declined from 41.9% to 33.7% and resistance to penicillin (MIC >1.0mg/L or 

                                            
 
28

 https://www.gov.uk/government/publications/gonococcal-resistance-to-antimicrobials-surveillance-programme-grasp-report 
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susceptibility test results for each antibiotic (detailed information is provided in the 

online Appendix).  

 

The proportion of isolates resistant to ciprofloxacin (18.1-18.7%), third-generation 

cephalosporins (10.8-12.4%) and gentamicin (9.3-10.1%) remained stable over the five 

year period up to 2016. Resistance to piperacillin/tazobactam, which had increased 

year-on-year, from 9.6% in 2012 to 11.6% in 2015, showed only a marginal increase to 

11.8% in 2016, while resistance to co-amoxiclav, which had increased from 37.3% in 

2012 to 42.3% in 2015 decreased to 40.8% in 2016 (Figure 2.1). Carbapenem 

resistance fluctuated from year-to-year within the range 0.07-0.14%, with between 15 to 

32 isolates reported from blood in an individual year, with no consistent time trend. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 2.1 Number of bloodstream isolates of E. coli reported to the mandatory 
surveillance scheme and the proportions non-susceptible to indicated antibiotics 
 

The proportions of bloodstream isolates of E. coli showing multi-resistance also 

remained stable between 2012 and 2016 and varied in the range of 3-5%; the highest 

proportions were seen for combinations of third-generation cephalosporins, quinolones 

and aminoglycosides and the lowest for third-generation cephalosporins, 

aminoglycosides and piperacillin/tazobactam (Figure 2.2). 

 

Although the proportions of E. coli blood culture isolates with resistance to either 

individual or combinations of key antibiotics remained fairly stable between 2012 and 

2016, the incidence of E. coli bacteraemia increased year-on-year, from 32,405 cases in 

2012 to 40,272 cases in 2016, an overall increase over the five-year period of 24.3% 

(Figure 2.1). Thus, the burden of resistance as reflected in the estimated numbers of 

antibiotic-resistant bloodstream infections (derived using the numbers of infections and 

the proportions of resistant isolates each year shown in Figures 2.1 and 2.2)  increased 

year-on-year. For example, the estimated numbers of ciprofloxacin-resistant infections 

increased from 5,930 in 2012 to 7,490 in 2016, while infections resistant to third-

generation cephalosporins increased from 3,500 in 2012 to 4,995 in 2016. The 

estimated numbers of infections due to E. coli with combined resistance to third-
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resistance to ciprofloxacin, third-generation cephalosporins, gentamicin and 

carbapenems fluctuating within the ranges 10.0-11.5%, 11.1-12.3%, 7.1-8.9% and 0.8-

1.5%, respectively. Resistance to piperacillin/tazobactam, which had increased year-on-

year from 13.3% in 2012 to 18.6%  in 2015, showed a slight reduction to 17.8% in 2016. 

Similarly, resistance to co-amoxiclav, which had increased year-on-year from 19.7% to 

28.4% between 2012 to 2015, decreased slightly to 27.5% in 2016 (Figure 2.3).  

 

The proportions of bloodstream isolates of K. pneumoniae resistant to combinations of 

antibiotic classes also remained stable between 2012 and 2016, albeit with some year-

to-year variation. Multi-resistance varied in the range of 3-8%, with the highest 

proportions seen for combinations of third-generation cephalosporins, aminoglycosides 

and piperacillin/tazobactam and the lowest for third-generation cephalosporins, 

quinolones and piperacillin/tazobactam (Figure 2.4). 

 

 

 
 

Figure 2.3 Number of bloodstream isolates of K. pneumoniae reported to SGSS and the 
proportions non-susceptible to indicated antibiotics 
 

Although the proportions of blood culture isolates of K. pneumoniae resistant to a 

number of key antibiotics remained fairly stable between 2012 and 2016, reports of 

bacteraemia due to K. pneumoniae showed an overall increase between 2012 and 2016 

(Figure 2.3), indicating that the burden of resistance to these antibiotics as reflected in 

the numbers of resistant bloodstream infections increased over time. For example, 

using the numbers of reported infections and the proportion of resistant isolates each 

year shown in Figure 2.3, the estimated numbers of ciprofloxacin-resistant infections 

increased from 459 in 2012 to 739 in 2016, while infections resistant to third-generation 

cephalosporins increased from 510 in 2012 to 790 in 2016. However, in contrast to E. 

coli bacteraemia where reporting of cases is mandatory, reporting of bacteraemia due to 
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Boucher, Clin Inf Dis, 2013

What about new antibiotics?





What is AMS?

- only prescribe antimicrobials when 
clinically appropriate

- review intravenous antimicrobial 
prescriptions at 48–72 hours



CQUINs

National CQUIN targets for Antimicrobial 
Prescribing in 2017/18 to 2018/19

CQUIN = Commissioning for Quality and 
Innovation (CQUIN) payments



CQUINs
Commissioning for Quality and Innovation payments

“The CQUIN scheme is intended to deliver clinical 
quality improvements and drive transformation 

change. These will impact on reducing 
inequalities in access to services, the experiences 

of using them and the outcomes achieved.” 

NHS England



CQUINs

Worth approx. £120,000/year
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Sepsis

Antimicrobial 
Stewardship



Sepsis
Give antibiotics 
quickly

Antimicrobial 
Stewardship
Stop antibiotics 
quickly


