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FEVER

0 238°C
o Rectal — reflects core temp

o Axillary, tympanic membrane, temporal artery
thermometry to measure
o Subjective determination by caretaker
moderately accurate
sensitivity 89.2%, specificity 50% (Teng et al)
‘rule in” rather than ‘rule out’ fever




DISADVANTAGES OF TREATING FEVER

Fever — Benefit

Do no harm
o Fever may protect, has antimicrobial action
o May delay recovery from illness (eg malaria, varicella)
© Most fever is short-lived and benign
© Obscure diagnostic signs
o If the child is dehydrated, may induce renal failure
© Can induce hypothermia
o Attain lower antibody level if give antipyretic before or within 2 hrs .
of vaccination




CAUSES OF FEVER

Viral infections — usually self-limiting
Fever without identifiable focus — a diagnostic problem

Occult bacteraemia

Serious bacterial infection

Serious bacterial infections (SBI) — diagnosis usually clear
o Meningitis
o Pneumonia
o Urinary tract infection
o Bacterial gastroenteritis, enteritis
o Osteomyelitis, septic arthritis

Non-infectious causes
o Kawasaki disease

o Toxins

o Malignancy



FEVER IN CHILDREN

Neonates

1—(2) 3 months age
3 - 36 months

> 36 months

Risk of SBI decreases with age



NEONATES

Immature immune system: greater risk of systemic
infection, haematogenous spread

Clinical signs not helpful

UTI
Meningitis
Bacteraemia
grp B strep, E coli, Listeria,
Viral infection and HSV



INCIDENCE OF SB|

Neonates : up to a quarter
< 3 months age: 6-10%

Relatively immature immune system

Decreased opsonin activity, decreased macrophage function,
decreased neutrophil activity

3 -36 months: 5-7%




OcCCULT BACTERAEMIA (OB)

1970’s defn: “Bacteria in blood of otherwise well-
appearing febrile child in absence of identifiable focal

bacterial source of infection”
At risk of developing focal disease
Risk — febrile infants

— < 36 months age

In pre-vaccine era prevalence of OB 2-11% in fever

without source : S pneumoniae, H influenza b,
Salmonella, Neisseria meningitidis



THE POST-VACCINE ERA

Routine vaccinations : changed epidemiology
Strep pneumoniae and Haemophilus influenza b
Effect of conjugate vaccines greatest on 3-36 month old

Overall incidence of bacteraemia dropped to 0.17 — 0.36%

Benefit also on unvaccinated if vaccine coverage > 80%
(herd protection)




OcCcCuULT BACTERAEMIA 1 - 3 MONTHS
— ADVANCES IN MEDICAL PRACTICE, PRENATAL SCREENING

E coli (>50%)

Less Grp B strep (antepartum identification and Rx)
Staph aureus

Strep viridans

S pneumoniae

Klebsiella

Salmonella



OCCULT BACTERAEMIA - AGE: 3-36 MONTHS
— POST CONJUGATE VACCINE ERA

Strep pneumoniae non-vaccine serotypes, 19A
Strep pyogenes

Enterococcus spp

" Most are obviously sick, 12-16% unsuspected, -
> consider risk factors (outbreaks, contacts)

N meningitidis

Non-type b H influenzae
E coli
Moraxella catarrhalis

Salmonella Spp _most have diarrhbea

Staph aureus



FEVER — ARE THERE CLUES TO DIAGNOSIS FROM THE
CHARACTER OF FEVER

Hyperpyrexia (= 40 °C) - 1 rates SBl in young
Height of fever and SBI - do not correlate
Duration and SBI - do not correlate

Response to antipyretics does not differentiate bacterial
or viral causes

Bundling does not increase core temperature
Teething does not cause fever



HISTORY AND CLINICAL EXAMINATION

Symptoms: not feeding or feeding well, convulsions

Underlying medical COhdItIO.nS Parental concern
Exposure / contact to other ill people Clinician instinct
Immunizations : recent and immunization status

Lancet 2010;375:834-845

SBI
Ill-a ppea rin g, toxic “Parental anxiety should not be
discounted: it is often of significance
Abnormal mental status, lethargy even if the child does not appear
Weak peripheral pulse especially unwell”

Cool extremities, delayed capillary refill, hypotension
‘Marbled’ appearance
Tachypnoea >60/min, chest indrawing

Most well-appearing children do not have SBI
Focus of infection



OTHER FACTORS ON EXAMINATION

Less likely to have SBI if
Clearly recognizable viral condition
Lower risk stratification
Tested positive for viruses (eg RSV, influenza, adeno, rota)

Often assumed if no bacterial source found,

but prevalence of SBI in the presence of these viral
infections:

RSV: 1.1-7.0%
Influenza: 2.5%



OTHER INVESTIGATIONS
SENSITIVITY 0-69%, SPECIFICITY 53-80%

WCC : imperfect screening tool for meningitis and
bacteraemia

15000-20000/mm?3 ->sens 50-69%, spec 53-80%;
of limited value to ‘rule in/out’ SBI

>15000 or <5000/mm?3 -> sens 42-86%, spec 74-77%, PPV 1.5-3.2%
Post PCV era: >15000/mm3 -> PPV 1.5 -3.2%

NT Salmonella: 54% had median WBC 10000/mm?3

Absolute neutrophil count

Diff count

Band counts — sensitivity 58% [95% Cl 49-67]

Band : neutrophil ratio > 0.2



OTHER INVESTIGATIONS
SENSITIVITY 0-69%, SPECIFICITY 53-80%

CSF < 8wbc/mm3

Urine culture and
>10wbc/HPF or bacteria on unspun urine or both
dipstick leukocyte esterase or nitrites: sensitivity 88%

CXR — for those with signs of lung disease
Stool WCC < 5wbc/HPF — with diarrhoea

C-reactive protein — sensitivity 74% [95% Cl 49-67]

Screen for bacterial vs viral infection

Procalcitonin — sensitivity 83% [95% CI 79-91]
Not sensitive enough? Does not ‘rule out’
Increases more rapidly in bacterial infections compared to CRP and interleukins
Correlate with severity and mortality

Interleukins
IL-6, IL-1, IL-8



THE BLOOD CULTURE — THE GOLD STANDARD — LIMITED
? COST EFFECTIVE

Sample collection technique, time collection to incubation, culture media,
previous antibiotics

Time to growth: use antibiotics till show lack of growth of pathogen
True positive = 1%
False negative = ?; transient or intermittent bacteraemia
False positive: high rate of contamination
(62.5% - 70% - 87.8%) = increased treatment, cost and iatrogenic

complications

The future
— PCR assays (multisystem, short tat)
— assess host responses (pathogens induce distinct transcriptional
‘biosignatures’ in RNA of leukocytes which can be measured)



VIRAL PATHOGEN DETECTION

New pathogen detection techniques will affect way SBI
is evaluated

Rapid testing for viral pathogens: {, other tests,
Jrantibiotic use, { hospital days

Most common: adeno, HH6, entero
Does not exclude SBI (in conjunction with RSV and infl)

Future studies important



GUIDELINES AND RESEARCH

Excluded children with pre-existing medical conditions
Excluded infants born prematurely
Assume that children appear non-toxic

No single biomarker, clinical sign, other lab test or in
combination, can reliably identify SBI in febrile child

WHEN ARE YOU GONNA
STOP SITTING ON THAT

OUNNO. HAVEN'T
DECIDED YET.

DOMICS. TUNELR.COMN®

— clinical decision rules




RISK STRATIFICATION RULES

Have in common:
Infants must appear well
No focal infection on clinical examination
WCC in normal range
Urine testing no evidence of UTI

Low risk infants discharged home



RISK STRATIFICATION RULES
(IDENTIFIES THOSE WITH LOW RISK OF SBI)

Rochester criteria (<60 days)
Low-risk: appear well, previously healthy, WCC 5000-15000, normal
absolute band counts (<1500), <10wbc/HPF spun urine, CSF not
mandatory (but consider strongly), CXR

Negative predictive value 98.9%

Philadelphia criteria (29-56 days)
Appear well, WCC<15000, band:neutro<0.2, normal CXR, urine
<10wbc/HPF, CSF < 8 wbc/HPF, stool no wbc’s (if diarrhoea)

8.7% had SBI

Boston criteria (1-3mths)
Appear well, no abnormal clinical findings, CSF < 10 wbc/HPF, urine
<10wbc/HPF, dipstick leuko esterase neg, WCC 5000 - 20000/mm?3,

normal CXR
5.4% still have SBI



RISK CLASSIFICATION AND SBI: NEONATES

Rochester criteria: neonates meeting low risk criteria
1% (2/227) SBI
6% had SBI

Philadelphia criteria

High risk: 18.6% SBI
Low risk: 4.6% SBI

Other investigators had similar findings

Therefore: All neonates should receive antibiotics
Hospitalization strongly recommended in neonates



LAB SCORE

Procalcitonin <0.5 >0.5 >2
C-reactive protein <40 40-99 2100
Urine dipstick (leuko esterase or nitrite) neg / pos

Scores for each age group (<3m, 3-12m, >12m), add up
— sens, spec, PPV, NPV,LR+, LR-



EVALUATION OF NEONATES

Up to a quarter with fever may have SBI:
History: maternal fever, prematurity
Physical findings — limited and unreliable:
high / low temperature, lethargy, seizures, rash,
respiratory distress
ALL NEED WORK-UP

Blood, urine (catheter or supra-pubic), CSF (HSV-PCR),
CXR

WCC - value insignificant to discriminate SBI or non-
bacterial disease

J platelets, TMiver enzymes — HSV
U-cultures necessary - faster tests don’t detect all UTI




EVALUATION OF 1 —(2) 3 MONTH OLD INFANT

Clinical examination may miss SBI
Need lab testing

Not apparent SBI in this age group (esp <6wks)
UTI : urine — females <24 m, uncircum males <12m, circum males < 6m
Bacteraemia : blood / CSF cultures as indicated
Pneumonia : CXR if indicated

Advice will continue to vary in comprehensiveness
Depends on setting

Depends on rapid screening panels

No single algorithm recommended

Investigate, 3" gen cephalosporins until culture negative
Follow-up in 24 hours if not hospitalized



FEVER AND.....

...are healthy, appear well
Term
Normal results on screening
Follow-up within 24 hours
Easy access to health care
Agreement with parents on plan of action
Withholding antibiotics is acceptable
—>manage on outpatient basis

...abnormal results, appear ill

Require inpatient care



EVALUATION OF > (2) 3 MONTHS — 36 MONTHS

No single guideline, algorithm, combination lab tests

Compared to the younger infant:
History more useful
Assess immunization history
Physical examination more informative
Well vs ill vs toxic: SBI 3% vs 26% vs 92%



THE OLDER CHILD >36 MONTHS

If no focal source of infection, do not require antibiotics

Pneumonia: consider macrolides for M pneumonia or
amoxicillin for moderate pneumonia

Moderate — severe pneumonia: resp distress, hypoxia,
<3-6 mths, virulent pathogen, poor feeding, inability to
take oral Rx

Staph: consider vanco or clindamycin

Antibiotics: UTI, pneumonia, suspected bacteraemia —
but not all need admission

No antibiotics if no blood cultures taken



EVALUATION AND MANAGEMENT
— VARIES AMONG CHILDREN

Limitations of history

Limitations of physical examination
Changing epidemiology of SBI

New diagnostic tests

Lack of expert consensus

Varying acceptance of risk by parents

Differences in populations (developed vs underdeveloped;
high vs low social class; rich vs poor)

Child’s age
Neonate
1-(2) 3 months
(2) 3 —36 months
> 36 months



IMPLICATIONS
VARIATION IN GUIDANCE : FEVER YOUNG INFANT

Cost

Safety (eg iatrogenic overuse : LP)
Empiric antibiotics

Unnecessary hospitalizations

Many studies done in single centres or small groups
Retrospective study design

Different inclusion criteria

Clinical and lab criteria differ slightly

Screening tests: reliability of differentiating bact / viral
New pathogen detection techniques evolving



FEVER IN AFRICA

Prevalence of bacteraemia (8.2%) of inpatients more
than in wealthier areas and differs whether malaria area

or not
Gram positives more than Gram negatives:
Strep pneumonia, Staph aureus;
Salmonella enterica, E coli, H influenzae
Blood culture positive more likely if also has malaria



Morth Africa

Twoo studies covering 14 locations

10 230 patients, 10-3%with BS

HIN was not reported

Al st wers prirmarily in adults

Thiree commionest isolates: Sdmonello 49-9%
{5 enterica serotype Typhi 9940%),

Bay cella spp 26-8%., Staphwococous owreus 7 7%

East Affrica

Seven studies covearing nine locations

Z1 317 patients, 7-0% with ESI

1B-6% of induded patients tested for HIV
23-7% of 3445 tested ware seropositive
for HIV-1

Four studies were primarily in children
and fourwere primarily im adults

Thres commuonest molates:

Seven studies covering fve locations

73 893 patients, 9-8% with BSl

5-0% of indudad patiants tested for HIV

50-8% of 1204 tested wera seropositive for HIV-1
Four studies were pnimarily in childran and three were
primarily in adults

Three commionest isolates: Salmonalo 29-00%
(non-typhoidal 97-0%). 5 pnevmoniae 24-0%,

5 mrews 9-4%

Fiwe studies were primarily in
childran and one was primarily in
adults

Three commaonest isolates: Sdmonello
20-8% {non-typhoidal 87-0%),

5 pneumnoniae 18-9%, 5 aureus 17-2%

West and central Africa —— Streptococous pneumonioe 71-2%,

Lix studies cowering frve locations Salmonala 17-8% (non-typhoidal B8-0%),
CHEY patients, 12-4% with BSI Escherichia coli 9-5%

5-4% of inchrded patients tested

fior HIV

63-3% of 319 tested were : )

seropasitive fior HIV-1 or HV-2 — Southern Affrica

Figure 2: Study locations and summary findings including prevalent pathogens
Mycobacteriym tubercuwlosis was excluded because adequate comparison of its relative importance could not be
made since several shudy sites did not use culbure media capable of isolating mycobacteria.
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ISOLATES AND HIV INFECTION

Total isolates Number of patients ~ Mumber of patients not ~ OR for those infected

{proportion of infected with HIV infected with HIV with HIV

patientswith (proporticn of (proportion of patients

BSI) patients with B5I) with BSI)
Bloodstream infectipn® ™ 4= sm GO6 (26-6%) 486 (34-5%) 110 (13-1%) 3-4 (p<0001)
Staphyl ococous aureus == 3B (45%) 18 (2-0%) 20 (3-6%) pe=0.05
Streptococous pReumaniet e &b (37%) 48 (41%) 18 (3-0%) pe=0.05
MNon-ty phoidal Salmonell gt =% 90 (6-7%) 92 (97%) 7 (1-3%) 8-2 (pec 1)
Salmondla enterica serotype Typhia=sos 8 (07%) 1({0-1%) 7 (1-B%) 0-07 (p<D001)
Mon-5Salmenella Enterobactenacegsvisssrs GO (3-8%) 34 (3-8%) 16 (3-8%) pe0.05
Escherichia cali* ™™ ™vn 30 (1-6%) 71 (1-8%) 9 {1-5%) p0.05
Mycobacterivm tuberar osis complex == 166 (12-4%) 161 (17-9%) 511-1%) 234 (pc0001)

Bk bloodstream infections. “Archibald et al* Induded 30 Infants < 18 monthswith HIV seropositivity alone; Nathoo et af® Induded &1 infants « 18 months seropositive for
HIV with clindcal Immuncsuppression; Vugla et al® Induded 139 patients Infected with HWV-1, 22 Infectedwith Hv-2, andwith 41 co-Infected HWV-1 and HIV-2.

Table 3: Cawses of bloodstream infection by HIV serostatus® in seven African studies, 1993-2004




Reported positive association OR range, where  Reported negative or

(p<0-05) repaorted® N assodation
Lethargy or restlessness  Fowr paediatric studies™ ™9 OR 2-4-4-450
(Cral candidiasis Tero paediatric studies™™ OR 1-8-.zwanw
2 adult studies**
Jaundice Omie paediatric study” OR 23-7-8%
Two adult studiest™
Splenomegaly Ome paediatric study” OR 17-2.5' Mo association: thrae
paadiatric studies =
O adult study*
Hepatomegaky Twro paediatric studiess OR 2-0-5-on Mo association: one
adult study®
Malrartrition orwasting  Fowr paediatric studies e OR 1-8-7-3umass Mo association: one
paadiatric study™
Crme adult study™
Megative association:
one paediatnic study?
Fever =38-9°C Twwo paediatric studies*s OR 2-1-4-g3=s =
Twro adult studiest=
Anzamia Amy BSl:t teeo paediatnic studies™=  Amy BSE: OR 2-00%
Oz adult study ™
Mycobacterial BSl: two adult My oobacterial BS:
studiast™ OR 9.5
Lepcopania White blood cells <5000 cells per - OR 2-1¢
mL: one adult study®
White blood cells <1000 calls per
miL: one adult study™
Leucooy tosis Tero paediatric studies™® OR 2-4M

15, 000 calls par imil

BSl=bdoodstream Infection. * Companson of the prevalence of the foliowing findings amaong patents with BSIversus
those without ESI; data from adult and paediatric studies are both presented In thess Rngss. T51gaugques et al* found
anaemlz significant In multivanate, but not unvariate, anckysis.

Table 5: Cinical and laboratory assodations with non-malana bloodstream infection from 12 studies,
Africa, 1991-2006




Beyond Malaria — Causes of Fever
in Outpatient Tanzanian Children

Valérie D'Acremont, M.D., Ph.D., Mary Kilowoko, M.P.H., Esther Kyungu, M.D., M.P.H.
Sister Philipina, R.N., Willy Sangu, A.M.O., Judith Kahama-Maro, M.D., M.P.H.,*
Christian Lengeler, Ph.D., Pascal Cherpillod, Ph.D., Laurent Kaiser, M.D
and Blaise Genton, M.D., Ph.D. NEJM 2014;370:809-817

1005 children 2mths to <10 yrs. Urban and rural site. 2008
Excluded severe malnutrition and with emergency signs

Malaria 10.5% (point of care tests available)

Acute respiratory 62.2% of whom <13% required antibiotics
Gastroenteritis 10.2%

UTI 5.9%

Multiple diagnoses in a quarter

Cause of fever undetermined in 3.2%

88% had at least one microbe identified, 2/3 had at least two
70.5% had viral disease

22.0% had bacterial disease

10.9% had parasitic disease

13.2% had severe disease

22.6% had multiple conditions



DISEASE AND PATHOGENS

B Pathogens

No Microorganism
Identified
2.0%

A Diseases

diseases

11.8%




Upper respiratory
Bronchiolitis

6%

Meningitis _
1.2% Systemic
infection

T2

Radiclogically

NEIIEE-F!hEIr}'n.EEEll confirmead
viral infection Unknown Preumania
4% Urinary tract 1% (=73
infection

4%

Figure 3. Distribution of All 160 Diagnoses among 133 Febrile Children
with Severe lliness.




Support to send children home without anti-malarials if
not indicated

Support to send children home without antibiotics if not
indicated

Call for more point-of-care tests



Bacteremia among Children Admitted
to a Rural Hospital in Kenya
saiah Mwangi, M.B., B.Ch,,

Saleem Mwarumba, H.N.D.,
k, F.R.C.Path., Sally Njenga, H.N.D.,

Maitland, Ph.D., Mike English, M.D., M EI'IEU |".-1E-:| 2005 ,3523'}-‘1? )

Bacteraemia 0-60 days : 12.8%
E coli, Grp B Strep

Bacteraemia > 60 days: 5.9%
Strep pneumoniae, NT Salmonella, H infl, E coli

Community-acquired bacteraemia
1457/100000 <1yr
1080/100000<2yrs

505/100000 <5yrs

26% in-hospital death: bacteraemia
33% on day of admission, 70.5% within 2 days



S AFR MeD J 2013 Capre TOwN 2008-12

pathogens isolated in 6.2%
contaminated 5.9 — 7.2%, esp from infants <1yr, CoONS

Less Strep pneumonia
More Gram neg’s: Klebsiella, Enterobacteriacae



COMMUNITY ACQUIRED BACTERAEMIA AMONG HOSPITALIZED
CHILDREN IN RURAL MOCAMBIQUE 2001-2006 Ped Inf Dis J 2009; 28:108-113

8% of admissions

1730/100000 child years < 1yr (16% bld cultures pos)
782/100000 child years 1-4 yrs (8% bld cultures pos)
49/100000 child years = 5yrs (7% bld cultures pos)
NT Salmonella, pneumococcus (26%, 25%)
Neonates: Staph aureus (39%), grp B strep (20%)

Accounted for 21% hospital deaths

Resistance to antibiotics high among H infl, NTS, E coli



THE CHILD WITH OTHER PROBLEMS — HIGHER RISK OF
BACTERAEMIA

Malnutrition — found in more studies (4 vs 2)
HIV-infection — community-acquired infections
Not breastfed or non-exclusive breastfeeding
Unhygienic environment

Concomitant malaria
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