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Plan of presentation

1st part- CSF interpretation & procedure of LUMBAR 
PUNCTURE (SPINAL TAP)

• Procedure of Lumbar Puncture (LP)

• CSF in meningitis of different etiologies

• EXAMPLES - CALCULATOR

2nd part - FULL BLOOD COUNT & BLOOD SMEAR



AIM

• To understand general trends & abnormalities in laboratory tests
interpretation in children

• To understand that normal ranges in paediatrics depend on age

• To know where to find them not memorise them

• Laboratory tests should be interpreted together with clinical
picture of the patient

• To practise on your own- examples



LUMBAR PUNCTURE (SPINAL TAP) 
& INTERPRETATION OF CSF



Why do we perform LP?

INDICATIONS
• Suspected CNS infection (to establish diagnosis, to make a provisional 

diagnosis of bacterial or viral etiology, to identify microorganism to start proper
treatment)

• Suspicion of malignancy with CNS involvement

• Installation of intrathecal chemotherapy 

• the evaluation of various neurologic conditions (eg, normal 
pressure hydrocephalus, Guillain-Barré syndrome, Multiple
Sclerosis, Creutzfeld-Jacob syndrome, metabolic disorders)



LP procedure 



LP in neonates
& infants



LP- procedure



LP & CSF- procedure 

Lumbar spine 

midline



LP & CSF- procedure 

Lumbar spine 

midline

Posterior superior 

iliac crests



Tuffier’s line L3
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L5





LP & CSF 



Analgesia in LP procedure

• Local anestetic (EMLA cream)

• Local anestetic (1% Lignocaine) sc

• Benzodiazepines iv/po

• General anaestesia



Needles to perform LP
-atraumatic needles





Cerebrospinal fluid studies (CSF)

• 3 samples are needed 

    (1 ml= 20 drops)

– Biochemical tests (cell count, protein, glucose) 
+smear  +Gram stain

– Microbiolology (bacterial cultures)

– Other tests (PCR, matabolic, serology, immunology, fluorescent 

antibody, pathogen-specific antibody tests, and/or cultures for fungi, and 
parasites may be necessary in special circumstances eg, in 
immunocompromised hosts)

– REMEMBER TO LABEL EACH SAMPLE!!!

– REMEMBER TO CHECK SERUM GLUCOSE!!! 



PCR- kit





NORMAL CSF



Before LP- our responsibilities

1. Explain indications and procedure to the 
child&parents

2. Take informed consent from parents and patients

3. Check PLT and coagulation tests (INR) !

4. Ask for help (2 nurses)

5. Prepare skin in a sterile fashion

6. Prepare local anestetics

7. Prepare 2 needles & 2 pairs of sterile gloves

8. Check serum glucose
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≥ 0.6 ˂2.1 ˃117

bacterial 

meningiti

s

Yellow-

ish

Not 

clear/ pus

Up to 

thousands

90-100% 

neutrofil

es

>1.0 <0.4 >4.0 ↓
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CSF interpretation
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CSF interpretation
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Inflammation
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CSF interpretation

Bacteria use glucose
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CSF interpretation

Anaerobic metabolism
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Cerebro-spinal fluid (CSF) interpretation



Questions!



Let’s practise…..



Case 1
• PC: 8/12 girl with 

fever 40°C, 
vomiting for 2 
days

• O/E: poor general 
condition, bulging 
fontanel, nuchal 
rigidity, petechiae, 
CRT> 5 sec



Case 1
• 8/12 girl with 

fever 40°C, 
vomiting for 2 
days

• poor general 
condition, bulging 
fontanel, nuchal 
rigidity, petechiae, 
CRT> 5 secNon blanching rash



Case 1

• 8/12 girl with fever 
40°C, vomiting for 2 
days

• poor general 
condition, bulging 
fontanel, nuchal 
rigidity, petechiae, 
CRT> 5 sec

• Glucose (serum)- 
100 mg%

• CSF smear: 98% 
polymorphs



Case 1
• 8/12 girl with fever 

40°C, vomiting for 2 
days

• grave general 
condition, bulging 
fontanel, nuchal 
rigidity, petechiae, 
CRT> 5 sec

• G(-) diplococcus in 
CSF



Case 1
• 8/12 girl with fever 

40°C, vomiting for 2 
days

• grave general 
condition, bulging 
fontanel, nuchal 
rigidity, petechiae, 
CRT> 5 sec

• G(-) diplococcus in 
CSF

• PCR test of CSF 
reveales 
N.meningitidis



Case 1
• 8/12 girl with fever 

40°C, vomiting for 2 
days

• grave general condition, 
bulging fontanel, nuchal 
rigidity, petechiae, CRT> 
5 sec

• G(-) diplococcus in CSF
• PCR test of CSF reveales 

N.meningitidis
• Dgn: bacterial 

meningitis- Neisseria 
meningitidis



Case 2

• 14-year-old boy 

• PC: History of fever, 
headache photophobia, 
vomiting for 1 day

• No PMH

• O/E: GCS 15, full 
contact, (+) meningeal 
signs



Case 2

• 14 years old boy 

• History of fever, 
photophobia, vomiting, 
nuchal rigidity for 1 day



Case 2

• 14 years old boy 

• History of fever, 
photophobia, vomiting, 
nuchal rigidity for 1 day

• Serum glucose: 91 
mg/dl

• CSF smear: 80% 
lymhocytes



Case 2

• 14 years old boy 

• History of fever, 
photophobia, vomiting, 
nuchal rigidity for 1 day

• Enterovirus found on 
PCR test of CSF



Case 2

• 14 years old boy 

• History of fever, 
photophobia, vomiting, 
nuchal rigidity for 1 day

• Enterovirus found on 
PCR test of CSF

• Dgn: viral meningitis 
due to Enterovirus



Case 3

• 16 years old girl 

• Suden onset od headache 
(bilateral temporal) , no 
nausea, vomiting, no 
fono- &fotofobia

• Family history of migraine 
headache in mother & 
aunt

• On examination- neck 
stiffness (3 cm) ,other 
meningeal signs negatitve



Case 3

• 16 years old girl 
• Suden onset od 

headache 
(bilateral 
temporal) , no 
nausea, 
vomiting, no 
fono- &fotofobia

• Family history of 
migraine 
headache in 
mother & aunt



Case 3

• 16 years old girl 

• Suden onset od headache 
(bilateral temporal) , no 
nausea, vomiting, no 
fono- &fotofobia

• Family history of migraine 
headache in mother & 
aunt

• Serum glucose: 81 mg/dl



Case 3

• 16 years old girl 
• Suden onset od headache 

(bilateral temporal) , no 
nausea, vomiting, no 
fono- &fotofobia

• Family history of migraine 
headache in mother & 
aunt

• On examination- nect 
stiffness 

(3 cm) ,other meningeal 
signs negatitve



Case 3

• 16 years old girl 
• Suden onset od headache 

(bilateral temporal) , no 
nausea, vomiting, no 
fono- &fotofobia

• Family history of migraine 
headache in mother & 
aunt

Enterovirus from CSF was 
detected (PCR kit)
Dgn: viral meningitis due to 
Enterovirus



Case 4

• 18-month-old boy
• History of fever up to 40°C 

for 6 days
• Received penicylin orally 

(due to suspicion of 
tonsillitis), then azytromycin 
orally (due to suspicion of 
bronchitis) – no result

• Sent to hospital
• Generally unwell, GCS 12
• Dehydrated
• Possititive all meningeal 

signs



Case 4

• 18-month-old boy

• History of fever up to 
40°C for 6 days

• Received penicylin orally 
(due to suspicion of 
tonsillitis), then 
azytromycin orally (due to 
bronchitis) – no result

• Generally unwell, GCS 12

• Serum glucose: 69 mg/dl



Case 4

• 18-month-old boy
• History of fever up to 

40°C for 6 days
• Received penicylin orally 

(due to suspicion of 
tonsillitis), then 
azytromycin orally (due to 
bronchitis) – no result

• Generally unwell, GCS 12
• Dihydrated
• Possititive meningeal 

signs



Case 4

• CSF culture- negative

• What is the diagnosis?



Case 4

• Possitive PCR TEST in CSF
• DNA of Str. Pneumoniae 

(+) was identified
• Dgn: ?



Case 4

• Possitive PCR TEST in CSF
• DNA of Str. Pneumoniae (+) was 

identified
• Dgn: bacterial pneumococcal 

meningitis



PART 2
FULL BLOOD  



General distinctions
in children

• Hematological & CSF values depend on age (always 
check child’s age before interpreting blood 
results!)

• Blood smear change throughtout the childhood

     (1st shift- 4 day, 2nd shift – 4 year)

• Laboratory tests should be interpreted together 
with clinical picture of the patient



LEUKOCYTES IN CHILDREN-
range strongly depends on age

1. Day of life 7. day 1/12 2/12 3-6/12 1. Year old 2.-6 years 6.-12. years

RBC (x 

1012/l)

6,0 ± 1,0 5,1 ± 1,2 4,1 ± 1,2 3,7 ± 0,6 4,7 ± 0,6 4,5 ± 0,6 4,6 ± 0,6 4,6 ± 0,6

Hgb (g%) 18,0 ± 4,0 17,5 ± 4,0 14,0 ± 2,5 11,2 ± 1,8 12,6 ± 1,5 12,6 ± 1,5 12,5 ± 1,5 13,5 ± 2,0

Hct (%) 60 ± 15 54 ± 12 43 ± 10 35 ± 7 35 ± 5 34 ± 4 37 ± 3 40 ± 5

MCV (fl) 110 ± 10 107 ± 19 104 ± 12 95 ± 8 76 ± 8 78 ± 6 81 ± 6 86 ± 9

MCH (pg) 34 ± 3 34 ± 3 33 ± 3 30 ± 3 27 ± 3 27 ± 2 27 ± 3 29 ± 4

MCHC (g%) 33 ± 3 33 ± 5 33 ± 4 32 ± 3,5 33 ± 3 34 ± 2 34 ± 3 34 ± 3

WBC (x 

109/l)

18 ± 8 14 ± 8 12 ± 7 10 ± 5 12 ± 6 11 ± 5 10 ± 5 9 ± 4

PLT (x 109/l) 100 – 450 160 - 500 200 - 500 210 - 650 200 - 550 200 - 550 200 - 490 170 - 450







Bone marrow                                                                                   periferal blood



Teenagers & adults





Haemoglobin-
range strongly depends on age

1. Day of life 7. day 1/12 2/12 3-6/12 1. Year old 2.-6 years 6.-12. years

RBC (x 

1012/l)
6,0 ± 1,0 5,1 ± 1,2 4,1 ± 1,2 3,7 ± 0,6 4,7 ± 0,6 4,5 ± 0,6 4,6 ± 0,6 4,6 ± 0,6

Hgb (g%) 18,0 ± 

4,0

17,5 ± 4,0 14,0 ± 2,5 11,2 ± 1,8 12,6 ± 1,5 12,6 ± 1,5 12,5 ± 1,5 13,5 ± 2,0

Hct (%) 60 ± 15 54 ± 12 43 ± 10 35 ± 7 35 ± 5 34 ± 4 37 ± 3 40 ± 5

MCV (fl) 110 ± 10 107 ± 19 104 ± 12 95 ± 8 76 ± 8 78 ± 6 81 ± 6 86 ± 9

MCH (pg) 34 ± 3 34 ± 3 33 ± 3 30 ± 3 27 ± 3 27 ± 2 27 ± 3 29 ± 4

MCHC (g%) 33 ± 3 33 ± 5 33 ± 4 32 ± 3,5 33 ± 3 34 ± 2 34 ± 3 34 ± 3

WBC (x 109/l) 18 ± 8 14 ± 8 12 ± 7 10 ± 5 12 ± 6 11 ± 5 10 ± 5 9 ± 4

PLT (x 109/l) 100 – 450 160 - 500 200 - 500 210 - 650 200 - 550 200 - 550 200 - 490 170 - 450



HEMATOLOGICAL VALUES-
NORMAL RANGE



CBC

What’s patient’s AGE?

2 shifts:

1) 4 - 7days

2)4 years



Final diagnosis should be set alltogether 
on history, findings in physical 

examinations & additional tests





WBC

In children the 
most common 
reason for
leukocytosis 
with 
neutrofilia is 
bacterial 
infection!!!

uptodate.com



Leukopaenia - main causes

-Viral infections !!!!!- the most common
- Bacterial infection- advanced SIRS& sepsis- poor prognosis
-Leukemia- Bone marrow gets damaged, and normal marrow cells are 
replaced with immature forms
-HIV and AIDS
- Chemotherapy and radiation therapy- kills cancerous cells along with 
healthy blood cells
- aplastic anemia- Failure to produce WBC and RBC, and also poor production 
of platelets
- Myelofibrosis- Fibrous tissue replaces the bone marrow
- Hodgkin’s lymphoma- Damage the bone marrow
- Rheumatoid arthritis
- Systemic Lupus Erythematosus- This chronic anti-immunity connective 
disorder damages tissues, and causes infection
- Kostmann’s syndrome: it has low neutrophil production

uptodate.com



Key points in blood tests 
interpretation in infections

blood smear 
– Neutrofils → mainly bacteria

– Lymphocytes → mainly viruses

– A shift-to-left is characteristic of the early stages of infection

– bacterial infection (different stages)

– Early stage bands- leukemia if only 1 line dominant

– Atypical lymphocytes (mature T lymphocytes) clasically seen in EBV 
infections, CMV, Toxoplasmosis, viral hepatitis

– Eosinophilia- characteristic for allergy, tissue invasive parasites, 
connective tissue disorders, drug reactions, sometimes in bacterial 
infections eg scarlet fever, Chlamydia pneumoniae, brucellosis&  
shigellosis during recovery)

– Monocytes- are typicaly seen on  recovery from viral infection

uptodate.com



CASE 1

• 5-year-old girl, otherwise 
heathy

• PC: fever 41◦C for 2 days, 
pain, refuse to eat

• O/E: general good state, 
GCS15, full contact, 
enlarged tonsills with 
white exudation,

• neck lymphadenopaty

• No other symptoms of 
infection (no cough)





CASE 1

• 5-year-old girl, otherwise heathy

• PC: sudden onset, fever 41◦C for 2 
days, pain, refuse to eat

• O/E: general good state, GCS15, 
full contact, enlarged tonsills with 
white exudation,

• neck lymphadenopaty

• No other symptoms of infection 
(no cough)

L 38 tys 

(NEU 97%, LIMF1%, 

EOS1%, BAS 1%)

E 4.5 mln

Hb 13 g/dl

Hct 38%

PLT 290 tys

CRP 80 mg/dl (N: 0-1)



CASE 1

• 5-year-old girl, otherwise heathy

• PC: sudden onset, fever 41◦C for 2 
days, pain, refuse to eat

• O/E: general good state, GCS15, 
full contact, enlarged tonsills with 
white exudation,

• neck lymphadenopaty

• No other symptoms of infection 
(no cough)

• What is the diagnosis?

• What is your diagnostic/ 
therapeutic plan?

L 38 tys 

(NEU 97%, LIMF1%, 

EOS1%, BAS 1%)

E 4.5 mln

Hb 13 g/dl

Hct 38%

PLT 290 tys

CRP 80mg/dl (N: 0-1)



CASE 1

• 5-year-old girl, otherwise heathy

• PC: sudden onset, fever 41◦C for 2 days, 
pain, refuse to eat

• O/E: general good state, GCS15, full contact, 
enlarged tonsills with white exudation,

• neck lymphadenopaty

• No other symptoms of infection (no cough)

• Dgn. Tonsillitis (bacterial), Str. Pyogenes

• Treatment?



CASE 1

• 5-year-old girl, otherwise heathy

• PC: sudden onset, fever 41◦C for 2 days, 
pain, refuse to eat

• O/E: general good state, GCS15, full contact, 
enlarged tonsills with white exudation,

• neck lymphadenopaty

• No other symptoms of infection (no cough)

• Dgn. Tonsillitis (bacterial), Str. Pyogenes

• Treatment?  PENICYLLIN



CASE 2

• 16-year-old girl

• PC: fever, lymphadenopathy, malaise

• Sent to the hospital due to hepatomegaly and 
lyphadenopathy due to suspition of 
malignancy

• O/E: enlarged with white/grey 
exudate,enanthem on soft palate, cervical 
lymphadenopathy,  hepatosplenomegaly



CASE 2



Hepatomegaly, splenomegaly



CASE 2

• 16-year-old girl

• PC: fever, 
lymphadenopathy

• O/E: enlarged with 
white/grey 
exudate,exanthem on 
soft palate, cervical 
lymphadenopathy,  
hepatosplenomegaly



CASE 2

Parameter Result
Metamielocyte 1%

Bands 3%

Neutrofills 20%

Lymphocyte 41%

Activated lymphocytes 11%

Atypical lumphocytes 15%

Eosynofills 2%

Basofills 1%

Monocytes 6%



CASE 2
Parametr 21.11.2025 28.11.2025 Normal range

AST [IU/l] 211 120 < 30

ALT  [IU/l] 162 88 < 30

CRP [mg/dl] 0.8 0.4 < 1 mg/dl

PCT (procalcytonin)  

[ng/ml]

< 0.5 <0.5 ng/ml



CASE 2

• 16-year-old girl

• PC: fever, lymphadenopathy

• O/E: enlarged with white/grey 
exudate,enanthem on soft palate, cervical 
lymphadenopathy,  hepatosplenomegaly

• What is the diagnosis?

• What is your diagnostic plan?



CASE 2

• 16-year-old girl

• PC: fever, lymphadenopathy

• O/E: enlarged with white/grey 
exudate,exanthem on soft palate, cervical 
lymphadenopathy,  hepatosplenomegaly

• Dgn: Infectious mononucleosis



CASE 3

• 18-month-old boy

• PC: high fever, 
rash, refused to eat 
and drink

• O/E: rash all over 
the body, blisters 
on foot and hands, 
painful ulcers in a 
throat





CASE 3

• 18-month-old boy

• PC: high fever, 
rash, refused to eat 
and drink

• O/E: rash all over 
the body, blisters 
on foot and hands, 
painful ulcers in a 
throat

L 2,1 tys 

(NEU 20%, LIMF75%, 

EOS2%, BAS 2%)

E 4.5 mln

Hb 12 g/dl

Hct 37%

PLT 115 tys

CRP 2 mg/dl (N: 0-5)



CASE 3

• 18-month-old boy

• PC: high fever, rash, 
refused to eat and drink

• O/E: rash all over the 
body, blisters on foot and 
hands, painful ulcers in a 
throat

• WHAT is this? 
What is your 
diagnostic and 
therapeutic plan?



CASE 3

• 18-month-old boy

• PC: high fever, rash, 
refused to eat and drink

• O/E: rash all over the 
body, blisters on foot and 
hands, painful ulcers in a 
throat

• DGN: HFMD (hand foot 
mouth disease)- 
Enterovirus



Case 5

• 5 year-old boy with fever 
without known source, 
which begun after nose 
trauma, nasal bleeding for 
3 days, poor apetite, 
petechial rash

• Parents noticed bruises on 
legs 2 days ago

• Afternoon nap since last 
month



Case 5

• 5 year-old boy with fever 
without known source, 
which begun after nose 
trauma, nasal bleeding for 
3 days, poor apetite, 
petechial rash

• Parents noticed bruises on 
legs 2 days ago

• Afternoon nap since last 
month



Case 5

Blood smear (manual)

30% blasts

40% neutrofils

30% atypical lyphocytes



Case 5

• 5 years old boy with fever 
without known source, 
which begun after nose 
trauma, nasal bleeding for 
3 days, poor apetite, 
petechial rash

• Afternoon nap since last 
month

• Dgn: leukaemia (ALL)



Case 6

• 5-year-old-boy with 
bruises and petechiae 
all over the body

• Good general condition

• Blood smear- normal 
(elevated monocytes- after viral infection)



Case 6

• 3.5 years boy with  
bruises and petechiae all 
over the body

• Good general condition
• Diagnosis: ITP

• ITP= Immune thrombocytopenic 
purpura = idiopathic 
thrombocytopenic purpura= 
immune thrombocytopenia

• defined as an isolated low platelet 
count with a normal bone
marrow in the absence of other 
causes of low platelets



DIFFERENT TUBES, DIFFERENT SOLVENTS



TAKE HOME 
MESSAGE

• Hematological & CSF values depend on age (always 
check child’s age before interpreting blood 
results!)

• Blood smear change throughtout the childhood

     (1st shift- 4 day, 2nd shift – 4 year)

• Laboratory tests should be interpreted together 
with clinical picture of the patient
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