172

SEPSIS IN NEONATES

Overview and burden of neonatal sepsis:

Newborn infections claim an estimated 1.4 million lives each year and are responsible for
approximately one third of the world’s 4 million neonatal deaths. The incidence of neonatal sepsis
according to data of National Neonatal Perinatal Database is 30 / 1000 live births.In India sepsis has been
reported as cause of neonatal death in 20-50% cases in community based studies.

India remains home to both the highest number of births as well as neonatal deaths in the world. This
is despite the fact that neonatal deaths in developing countries are under reported and that infection
as a cause of death is underestimated because of imprecision in diagnosis.

These grim facts again bring home the necessity of knowing more about different kind of neonatal
infections, the modes of transmission of infection, the profile of microorganisms involved and degree
of antibiotic resistance developed, steps which can be taken for prevention of infection as well as for
monitoring and surveillance.

Congenital Infections

At this point it may be necessary to deviate a little and touch briefly on a related aspect; namely
congenital infections or infections of the foetus. Transplacental spread after maternal infection and
invasion of the bloodstream is the usual route by which the foetus becomes infected. Other
uncommon routes of infection are by extension of infection in adjoining tissues and organs
(peritoneum, urinary bladder) or by invasive methods for diagnosis and treatment of foetal disorders,
e.g. use of monitors, sampling of foetal blood and intrauterine transfusion.

The common organisms of concern are those identified by the acronym TORCH; namely Toxoplasma,
Rubella, Cytomegalovirus and Herpes Simplex virus. Other well described though less common causes
of congenital infection include syphilis (TORCHS), Chicken pox (VZV), HIV and Parvovirus B19.

In this context it is essential to motivate mothers in the antenatal ward to undergo PPTCT counselling
and testing, if they have not already done so.
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When to suspect congenital infection

Differentiating Clinical features of TORCHS Infections

Rubella Toxoplasmosis CMV Syphilis HSV
I.U.G.R. + + + + ++ ++ +
Microcephaly + + + + - +
Brain Calcification + + + ++ - +
Hydrocephalous - + + + + ++
Cataract + + + + + -
Hearing defect +tH+ + +++ + -
Jaundice + ++ + + + e +
Hepatosplenomegaly et ++ +++ + + + +
Hepatitis + + +++ 4+ +
Anemia + +++ ++ 4+ -
Thrombocytopenia ++ + + + + ++ +
D.I.C. - - + - ++
Dermal
erythropoiesis * ) * - -
Skin rash - + - + + + + +
Bone abnormality ++ - + + + -
Congenital heart
defect +++ ) - - -

- = NO ++ = + = = 50%
+ = 5-20% +++ = very Prominent feature = # = Prominent feature
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e The incidence of neonatal sepsis according to data of National Neonatal Perinatal Database is
30 / 1000 live births.

¢ In India sepsis has been reported as cause of neonatal death in 20-50% cases in community
based studies.

e Sepsis related mortality is largely preventable with rational antimicrobial therapy and
aggressive supportive care.

Definition of neonatal sepsis:

Neonatal sepsis is defined as a clinical syndrome characterized by signs and symptoms of infections with
or without accompanying bacteramia in the first month of life.

It encompasses various systemic infections of the newborn such as septicaemia, meningitis,
pneumonia, arthritis, osteomyelitis etc, but it does not include superficial infections like conjunctivitis
and oral thrush.

Sepsis syndrome is termed as septicemia accompanied by altered organ perfusion (hypoxemia,
increased blood lactate, oliguria and alteration in mental status). If left untreated it may progress to
septic shock and refractory septic shock.

Classification of neonatal sepsis : Neonatal sepsis can be classified into two major categories
depending up on the onset of symptoms.

Early onset sepsis (EOS): It presents within the first 72 hours of life. Infants with EOS
usually present with respiratory distress and pneumonia. The source of infection is generally the
maternal genital tract. Some maternal / perinatal conditions have been associated with an
increased risk of EOS.

Risk factors for increased risk of EOS......

1. Low birth weight (<2500 grams) or prematurity

2. Febrile illness in the mother with evidence of bacterial infection within 2 weeks prior to delivery.
3. Foul smelling and/or meconium stained liquor.

4. Rupture of membranes >24 hours.

5. Single unclean or > 3 sterile vaginal examination(s) during labor

6. Prolonged labor (sum of 15t and 2nd stage of labor > 24hrs)

7. Perinatal asphyxia (Apgar score <4 at 1 minute)
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Late onset sepsis (LOS): It usually presents after 72 hours of age. The source of infection in LOS
is either nosocomial (hospital-acquired) or community-acquired and neonates usually present with

septicemia, pneumonia or meningitis. Various factors that predispose to an increased risk of

nosocomial sepsis include low birth weight, prematurity, admission in intensive care unit, mechanical

ventilation, invasive procedures, administration of parenteral fluids, and use of stock solutions. Factors

that might increase the risk of community-acquired LOS include poor hygiene, poor cord care, bottle-

feeding, and prelacteal feeds. In contrast, breastfeeding helps in prevention of infections.

Causative organism of neonatal sepsis :The organisms causing neonatal sepsis
in developing countries are different from those seen in developed countries.

Gram negative organisms- Klebseilla (most common), Escherichia coli, Pseudomonas,
Salmonella are commonly reported from India. In our unit, in the past 4 years, while
K.pneumoniae still remains the most common organism, non fermenting Gram negative
bacilli are being increasingly reported,particularly Acinetobacter sp.This could be because of
increased use of interventions like ventilation and long lines.

Gram-positive organisms- Staphylococcus aureus, coagulase negative Staphylococci
(CONS), Streptococcus pneumoniae and Streptococcus pyogenes are reported particularly in
northern India..Unlike western countries Group B Streptococcus infection is uncommon
in India. The cause for this is not definitely known,though variations in menstrual hygiene
are believed to have a role to play.

In India, there is usually little difference in the aetiology of early and late onset sepsis.The
same Gram negative organisms predominate . Non fermenting gram negative bacilli which
are usually classified as nosocomial pathogens,like Stenotrophomonas maltophilia and
Burkholderia cepacia have been isolated in our own unit on Day 1 of life.

Fungal sepsis should be kept in mind in case of prolonged hospitalized neonates and
baby on prolonged antibiotic. Candida species are the common organisms isolated

Profile of Antibiotic Resistance

Increasing resistance to commonly used antibiotics is being reported from different parts of the
country. High degree of resistance to first line drugs like Ampicillin, Gentamicin are being reported
particularly in E.coli & Klebsiella species. In addition there is increasing prevalence of Extended
Spectrum Beta Lactamase producing organisms. This is resulting in wide spread resistance to all
extended spectrum penicillins and third generation cephalosporins. In such a case, the drug of
choice becomes carbapenems like Imipenem and meropenem.Recently ,resistance to carbapenems
is being reported not only among nosocomial pathogens like Acinetobacter ,but also in Klebsiella
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pneumoniae and E.coli. Four cases of PAN Resisitant organisms have been reported from our own
unit this year.

Prevalence of multi drug resistant organisms in hospital environment, random use of antibiotics,
less reliance on culture reports and easy availability of antibiotics are some of the causes for such
high degree of resistance among the organisms causing neonatal sepsis.

Signs and symptoms of sepsis:
Non-specific features: The signs and symptoms of sepsis in neonates are often subtle and
nonspecific. Neonates with sepsis may present with one or more of the following symptoms and
signs

e Temperature instability-Hypothermia or fever (former is more common in preterm low birth

weight infants)

e Lethargy, poor cry, refusal to suck

e Poor perfusion, prolonged capillary refill time

e Hypotonia, absent neonatal reflexes

e Brady/tachycardia

e Respiratory distress, apnea and gasping respiration

e (g)Hypo/hyperglycemia

e Metabolic acidosis.

e Abnormal movements/seizures

e Shock

Specific features related to various systems:

e (Central nervous system: Bulging anterior fontanelle, vacant stare, high pitched cry, excess irritability, stupor
/coma, seizures, neck retraction.

e (Cardiac: Hypotension, poor perfusion, shock.

e Gastrointestinal: Feed intolerance, vomiting, diarrhea, abdominal distension, paralytic ileus, necrotizing
enterocolitis.

e Hepatic: Hepatomegaly, direct hyperbilirubinemia.

¢ Renal: Acute renal failure.

o Hematological: Bleeding, Petechiae, purpura

o Skin changes: Multiple pustules, abscess, sclerema, mottling, umbilical discharge and redness
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Diagnosis of Neonatal Sepsis: A high index of clinical suspicions and supportive laboratory

investigations are needed for early diagnosis.

Investigations:

Blood culture: It is the gold standard for diagnosis of septicemia and should be performed in all

cases of suspected sepsis prior to starting antibiotics. A positive blood culture with sensitivity of the
isolated organism is the best guide to antimicrobial therapy. It is very important to follow the proper
procedure and strict universal asepsis steps for collecting a blood culture.

The area from where blood sample to be collected should be cleansed thoroughly with alcohol,
followed by povidone-iodine, and followed again by alcohol. Povidone-iodine should be applied in
concentric circles moving outward from the centre and left for 2 minutes for its action prior to apply
again alcohol. The skin should be allowed to dry for at least 1 minute before the sample is collected.

Volume of blood to be collected:

While several studies show that even upto 0.2 ml of blood is sufficient for detection of bacteraemia in
neonates, it is important to remember that higher yield is obtained with higher volume of sample.
While it may be difficult to provide more volume of blood in a small preterm baby, an effort should be
made to provide an optimum of 1 ml of blood for culture. A study of inoculum volume at our own unit
showed that average volume of blood inoculated was 0.7ml. Maximum yield in culture was obtained
when the volume of inoculation was between 0.8-1.0 ml.

Since samples collected from indwelling lines and catheters are likely to be contaminated, cultures
should be collected only from a fresh venepuncture site. While preliminary reports are usually available
at 48 hours, a final report is issued only at the end of 7 days of incubation .

Septic screen: All neonates suspected to have sepsis should have a septic screen to corroborate

the diagnosis. However, the decision to start antibiotics need not be conditional to the sepsis screen
result, if there is a strong clinical suspicion of sepsis. The various components of the septic screen
include total leukocyte count, absolute neutrophil count, immature to total neutrophil ratio, micro-
erythrocyte sedimentation rate and C reactive protein.

C Reactive protein: C Reactive protein is an acute phase reactant produced by liver as a non specific
marker of inflammation. The value of CRP in blood starts rising 4-6 hours after onset of infection. So it
may be prudent not to estimate CRP in the first 24 hours of life,while performing septic screen.Levels
usually reach peak concentration 2-3 days after infection .The levels remain high until inflammation
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as supportive evidence of infection.

as perinatal asphyxia, respiratory distress syndrome, intracranial haemorrhage etc. Hence too much
importance should not be given to raised CRP alone in absence of other findings.

Estimation can be done qualitatively by latex agglutination. Results are interpreted as positive or
negative.

Quantitative estimation can be done by nephelometry. Value > 1.0 mg/dl are usually interpreted as
positive.

2. Haematological Assessment:

e Leucocyte count- both total and differential count are required. Automated cell counters are usually
reliable for estimation. They may even count nucleated red cells as white cells. It is a better option to
get some basic training in microscopy or a trained technologist at SNCU.
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begins to resolve. Serial CRP estimation rather than isolated CRP readings are considered more useful

As CRP is a non specific marker of inflammation, it may be raised in conditions other than sepsis such

not

e Leucopoenia & Leucocytosis: Leucopoenia (<5000/cu mm) is considered as a better indicator of sepsis
as compared to Leucocytosis (>15,0000-20,0000/cu mm) .Once again such findings may not be specific

for infection.

e Absolute neutrophil count: an ANC value <1000/cu mm is considered to be of significance. In newborns,

a physiological neutropenia may occur on first postnatal day in response to cytokine release .Hence it is

necessary to plot the ANC value on Monroe’s chart(ref)

e Platelet count:.A platelet count < 150,000/cu mm is considered to have significant value.

Thrombocytopenia is more commonly observed in fungal infections and Gram negative infections than

Gram positive infections. It is to be noted that platelet counts must never be estimated from automated

cell counters. There is high chance of error. Platelet count must always be done by microscopy.

e Band cell: are immature neutrophils where the nuclei appear stretched across the cell in the form of a

band. Cut offs using absolute band cell count > 1500/cu mm are commonly used as a screening tool for

sepsis.

e I: T Ratio(Immature: Total Neutrophil Ratio): is calculated and a value of 0.2 or lower is taken as cut off

to rule out infection.

Practical Exercise for calculation of ANC, I: T Ratio:

Suppose the total count of a baby is 5000/cu mm and differential count shows 20% neutrophil. The
absolute neutrophil count is then: 20/100X5000=1000.

Now for calculation of I: T Ratio we need to divide total number of immature neutrophils (band cells+
other immature cells-with hypersegmentation of nucleus-more than 3 lobes) by total number of
neutrophils (mature + immature).

So if total number of band cells is 200 and other immature cells is 200, then total number of immature
cells is 400.

Total number of neutrophils (immature + mature) is 1000 .Hence, the I: T Ratio is 400/1000=0.4
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Taken individually the tests have little significance.ANC has good sensitivity and negative predictive
value but poor specificity and positive predictive value. Platelet count, band count and IT ratio have
high specificity and positive predictive value. Taken together in the form of a septic screen panel, the
tests may prove useful in diagnosis of probable sepsis. However, it is essential in all cases of suspected
sepsis to draw blood sample for culture.

Table 1: Septic Screen

Components of septic screen Abnormal Values
1. Total leukocyte count <5000 / mm?3
2. Absolute neutrophil count Low count as per *Manroe chart for term neonates

and *Mouzinho’s chart for preterm neonates

3. Immature / total neutrophil count (I:T | >0.2

ratio)
4. Micro-ESR > 15 mm in 15t hour
5. *C-reactive protein (CRP) >1mg/dL

*Serials C- reactive protein values can be used to monitor the response to antibiotic.
* Manroe chart available in J Pediatr 1979; 95:89-96
* 1T OUETET 60 AEAOO AOAEI-#2A1 A ET O0AAEAOOEAO voOOUW

Presence of two abnormal parameters in a screen is associated with a sensitivity of 93-100%, specificity
of 83%, positive and negative predictive values of 27% and 100% respectively in detecting sepsis. Hence,
if two (or more) parameters are abnormal, it should be considered as a positive screen and the
neonate should be started on antibiotics. If the screen is negative but clinical suspicion persists, it
should be repeated within 12 hours. If the screen is still negative, sepsis can be excluded with
reasonable certainty. For early onset sepsis, documentation of polymorphs in the neonatal gastric
aspirate at birth could serve as a marker of chorioamnionitis and it may be taken as one parameter of
sepsis screen. Procalcitonin is more sensitive and specific with better predictive value compared to C-
reactive protein in detection of sepsis.
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Table 2. Sensitivity and specificity of the different components of sepsis screen

ANC* [/T*>0.2 CRP > 1.0 mg/dL WBC<5000/mm3
<5580/mm3 [/T>0.2&CRP
> 1.0 mg/dL
Sensitivity | 48 90-100 70-93 100
Specificity | 73 30-78 78-94 83
*PPV 4 11-51 7-43 27
*NPV 98 99-100 97-99.5 100

180

*PPV-positive predictive value; *NPV-negative predictive value

Sepsis screen has a high sensitivity & negative predictive value but
poor positive predictive value

Lumbar puncture (LP): The incidence of meningitis in neonatal sepsis has varied from 0.3-3% in
various studies. The clinical features of septicemia and meningitis often overlap. In EOS, lumbar
puncture is indicated in the presence of a positive blood culture or if the clinical picture is
consistent with septicemia. It is not indicated if antibiotics have been started solely due to the
presence of risk factors. In late onset sepsis, LP should be done in all infants prior to starting
antibiotics. The cerebrospinal fluid characteristics are unique in the newborn period and normal
values are given in the table 3.

Table 3. Normal Cerebrospinal Fluid Examination in Neonates

Cerebrospinal fluid Components Normal range . .

e Blood sugar to be done immediately
Cells / mm? 0-30 before lumbar puncture.
Polymorphonuclear cells (%) 60 % e CSF should be examined within 30
CSF protein (mg /dL) 20-170 minutes LP performance.
CSF sugar (mg /dL) 34-119 e No value of cells present in traumatic LP.

CSF / Blood glucose (%) 51 (44-248)
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Radiology: Chest x-ray in the presence of respiratory distress or apnea, an abdominal x-ray in the
presence of necrotizing enterocolitis (NEC) and ultrasonography and computed tomography (CT scan) in
presence of meningitis should be performed.

Urine culture: In all cases of LOS in low birth weight infants with poor weight gain should have a urine
examination done to exclude urinary tract infection (UTI). UTI may be diagnosed in the presence of
one of the following: (a) >10 WBC/mm3 in a 10 mL centrifuged sample (b) >104 organisms /mL in
urine obtained by catheterization and (c) any organism in urine obtained by suprapubic aspiration

. AxAO T AOET A0 ¥ - AOEAOO xEEAE AOA O1 AAO OAOAAC
Cytokines (IL-1, IL-6, IL-8, IL-10)

> >

Procalcitonin

Endotoxin (LPS)

> >

Protein C

CD11b

> >

Adrenomedullin

p>3

Endocan

p>3

Complement 3a

>

Neopterin

>

Atrial natriuretic peptide

p>3

Brain natriuretic peptide

p>3

LPS-binding protein
Surface and soluble TREM-1

>

To detect microorganisms-PCR for detection of 16 s rRNA is a technique by which presence of
bacteria can be detected in blood rapidly. Further primers can be used to specify if the bacteria is Gram
positive or Gram negative. This method however has certain disadvantages. Contamination needs to
be ruled out strictly and if the unit has even a small degree of contamination of cultures, results need
to viewed sceptically. Also antibiotic sensitivity is not available as the organism is not isolated .this may
hamper the treatment if the baby is not responding to empirical choice of antibiotic.
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MANAGEMENT:

Supportive: Adequate and proper supportive care is crucial in a sick neonate with sepsis to prevent the
sequel of sepsis. Prognosis is better with initiation of early treatment. The early goal directed therapy
can reduce neonatal mortality significantly if initiated within 6 hours (Rivers et al.N Engl J Med 2001;
345:1368¢77).

Maintain normal O, saturation and temperature, serum electrolytes, blood sugar. Volume expansion
with crystalloids/colloids and judicious use of inotropes are essential to maintain normal tissue
perfusion and blood pressure.

Antimicrobial therapy: There cannot be a single recommendation for the antibiotic regimen of
neonatal sepsis for all settings. Decision to start antibiotics is based upon clinical features and/ or a
positive septic screen. However duration of antibiotic therapy is dependent upon the presence of a
positive blood culture and meningitis.

Table 4. Duration of antibiotic in neonatal sepsis.

Diagnosis Duration

Meningitis with or without positive blood 21 days

or CSF culture

Blood culture positive sepsis 14 days

Blood culture negative sepsis, but septic | 7-10 days

screen positive sepsis

Clinical sepsis 5-7 days

Indications for starting antibiotics: The indications for starting antibiotics in neonates at risk of
EOS include any one of the following:

(a) Presence of >3 risk factors for early onset sepsis (see above

(b) Presence of foul smelling liquor (even if septic screen is negative-for suspected

chorioamnionitis

(c) Presence of>2 antenatal risk factor(s) and a positive septic screen and

(d) Strong clinical suspicion of sepsis.

The indications for starting antibiotics in LOS include:

(a) Positive septic screen and/or

(b) Strong clinical suspicion of sepsis.

It is to be noted that if culture result and septic screen are negative at 48 hours ,antibiotics must be stopped.
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In addition,certain points need to be remembered when starting antibiotics
V In case of features of obstructive uropathy,urine needs to be collected by suprapubic aspiration.
V Any localized focus of infection like presence of multiple pustules, joint infection,abscess etc, suitable
sample needs to be collected for culture such as pus or joint aspirate.

Choice of antibiotics: Empirical antibiotic therapy should be unit-specific and determined by the
prevalent spectrum of etiological agents and their antibiotic sensitivity pattern. Antibiotics once
started should be modified according to the sensitivity reports. Guidelines for empirical antibiotic
therapy have been provided in Table 5.

Table 5 Empirical Choice of Antibiotic for the Treatment of Neonatal Sepsis:

Clinical situation Septicemia & Meningitis
Pneumonia
FIRST LINE Penicillin or Ampicillin and | Add Cefotaxime
Community-acquired Gentamycin
(resistant strains are
unlikely)
SECOND LINE Piperacillin tazobactam & Piperacillin tazobactam &
Hospital-acquired Amikacin or netilmycin Amikacin or netilmycin
Some strains are likely to be
resistant
THIRD LINE Ciprofloxacin Or Same
Hospital-acquired sepsis ofloxacin or
(Most strains are meropenem
Likely to be resistant)

e Methicillin resistant staphylococcus aureus (MRSA) should be treated with a
combination vancomycin.

e Vancomycin resistantSA may be treated with Teicoplanin. Effi cacy and safety of
Rifampicin or in Vancomycin resistant SA are under evaluation in neonatal
population.

e For sepsis due to Enterococcus, a combination of ciprofloxacin or ofloxacin is a good
choice for initial therapy. Vancomycin should be used for the reatment of Enterococcus
resistant to the first line of therapy.

e In case of ESBL (extended spectrum betdactamase) meropenem is the drug of choice.t

e Carbapenem should be used only as a reserve drug.

For carbapenem resistant isolates: combination of colis tin, rifampicin,minocycline or
tigecycline could be considered ,based on existing literature.

e For yeast isolates; amphotericin B could be first line of treatment as some yeasts are
intrinsically resistant to fluconazole
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A few pointers for stopping antibiotic therapy are good weight gain of the baby and ability to
feed well. In addition the normalization of the total leucocyte count is a good indicator.
Adjunctive therapy

Exchange transfusion (ET): Double volume exchange transfusion with blood in septic neonates
with sclerema had been demonstrated a 50% reduction in sepsis related mortality as adjunctive
therapy.

Intravenous Immunoglobulin (IVIG): Non-specific pooled 1VIG has not been found to be useful.

Granulocyte-Macrophage colony stimulating factor (GM-CSF): This mode of treatment is still
experimental.

Activated Protein-C (Drotrecogin): Studies in adults have shown the beneficial effects in patients
with severe sepsis, but at present, use of activated protein-C is not recommended in neonatal
population.

Infection as a pointer for other defects or disorders

Infection may serve as the signal for identification of an underlying anatomical, metabolic or
physiological defect. For e.g.: Infants with galactosemia are susceptible to invasive Gram negative
infection. Genitourinary infection early in life may serve to identify an anatomical or physiological
defect of the urinary tract. Otitis media in first month of life may be an indicator of a midline defect of
the palate or of a Eustachian tube dysfunction. It is also important to remember that some inborn
errors of metabolism may present with clinical features similar to sepsis, and as such should remain
part of the differential diagnosis.
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Drug Route <29 weeks PMA 30 to 34 weeks PMA >35 weeks PMA
0-7days | 8-28days | O-7days | 8-28days | 0-7days | 8-28days
Amikacin IV Infusion over 30 min | 18q48h | 15qg36h | 18q36h | 15q24h | 15024h | 15q24h
Gentamicin IV Infusion over 30 min | 5q48h 4 q36h 45q36h | 4q24h 4 q24h 4 q24h

Netilmicin IV Infusion over 30 min | 5q48h 4 q36h 45q36h | 4q24h 4 q24h 4 q24h

Table 6: Commonly used antibiotics in neonatal sepsis and their doses, routes and interval.
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Prevention of Neonatal Sepsis:

i

Follow strict universal asepsis steps in everywhere and every
procedure

Restrict entry of outsider into SNCU /NICU

Use separate stethoscope, measuring tap, spirits and povidone-iodine
swab systems for each baby

Follow golden 6 steps of hand washing for 2 minutes and use alcohol
before touching the baby

Avoiding wearing artificial fingernails and rings, bracelets and

watches

Few evidence based recommendations to prevent neonatal sepsis:

1. Hand washing :Follow golden 6 steps of hand washing for 2 minutes with

antimicrobial or noantimicrobial soap and water before and after
touching the baby.

Gown : Wear a gown while entering the SNCU / NICU

Avoid drugs associated with increased risk of infections

Early enteral feeds and breast feeding: Initiate enteral nutrition as early as
possible with breast milk if there is no contra-indication

Skin care: Once the baby is stable hemodynamically, oil massage should be

initiated.

. Isolate infants with resistant organisms: Nursing barrier should be maintained.

Maximize space and staff patterns

Antimicrobial stewardship: Every unit should have an antibiotic policy in
place which should clearly indicate the antibiotic introduction/ change in a
step wise escalating fashion. This policy should be reviewed every
guarterly taking into consideration the culture and antibiotic sensitivity
pattern.

Skin antisepsis and catheter site dressing: Povidone iodine (10%) solution
application followed by cleaning with an alcohol based solution should be
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performed before catheter insertion.

10.Equipment: Unit should have an equipment disinfection/ sterilization
protocol which should be strictly adhered to.

11.Surveillance for infection control

12.. Environment Hygiene: Discussed in house-keeping disinfection chapter

Suggested readings:
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