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It is recognised that infection control and,
in particular, optimal hand hygiene

decreases the frequency of hand contamin-
ation with potential nosocomial pathogens.
Some longer term studies have also
demonstrated a decrease in infection risk
by sustained hand hygiene programmes1-2.
Preterm neonates are a high-risk patient
group for acquiring nosocomial infections,
with the most premature infants
experiencing the highest rates of all
hospitalised patients3 resulting in
significant morbidity and mortality.

Education programmes and multimodal
strategies to improve adherence to hand
hygiene of healthcare workers include:
■ Problem-based and task-orientated

education
■ Clustering of nursing procedures
■ Reduction in total patient contact

episodes
■ Alcohol-based hand gel availability
■ Provision of workplace reminders
■ Evaluation and feedback on

performance1,4-5. 
Studies have shown that rings increase

bacterial colonisation of hands; plain
bands are equivalent to rings with stones,
with a stepwise increased risk of
contamination with any transient
organism as the number of rings worn
increases6-8. Wrist watches have been found
to increase bacterial contamination of the
wrist but excess hand contamination does
not occur unless the watch is manipulated9.

While NICU healthcare workers are a
persistent source of potential pathogens,
parents and visitors handling babies are
also a potential source of infection that has
not received much attention. Studies,
including visitor hand washing practice,
have mainly involved visitors with no
direct or indirect patient care4,10.

Increasing awareness and adherence to
infection control on a NICU
This article describes a prospective one-year interventional study aimed at improving infection
control compliance and decreasing nosocomial infection rates across Greater Manchester tertiary
NICUs. A computerised audiovisual infection control initiative (CAVICI) was installed at the
entrance of the NICU to increase staff and visitor adherence to five infection control standards.
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1. Hand hygiene and infection control

standards can be improved by increased
awareness. 

2. An inexpensive audiovisual display
screen can highlight infection control
standards and improve adherence
among visitors to the NICU.

3. All ring types increase bacterial
colonisation of hands.

4. Changing the long-established practices
of healthcare workers is challenging.

Concerns were raised by anecdotal
observation of parents on the NICU
handling their babies while not always
having been seen to wash their hands
thoroughly or while wearing watches, rings
and jackets. 

Background
In 2010-2011, the authors conducted an
interventional study at Salford Royal
tertiary NICU11-12. The aims were to
ascertain how prevalent the lack of
adherence and knowledge of infection
control was among parents and visitors to
the NICU and whether awareness and
adherence to infection control could be
significantly increased by the instalment of
a computerised audiovisual display
monitor highlighting five infection control
standards, namely:
1. Thorough hand washing
2. Bare below the elbows
3. Removing jackets
4. Removing jewellery (plain bands

permitted) 
5. Removing watches.  

The monitor displayed a continually
running, correct hand washing video with
the infection control standards displayed in
bright colours (FIGURE 1). Activation of the
access intercom by visitors to the NICU
prompted the delivery of an audio message
outlining the infection standards to be
adhered to while awaiting door release.
Salford NICU had nine intensive and 10
high-dependency or special care cots
accessed via a single intercom. At the
entrance to the NICU was a wash basin
and hand gel dispenser with further hand
hygiene facilities in each clinical room. 

To assess visitor knowledge of infection
control a pre- and post-interventional
verbal questionnaire was conducted. The
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post-interventional questionnaire also
asked visitors to rank the effectiveness of
the monitor. A further study for a one-
month period before and after installation
of the monitor was conducted to assess
visitor hand washing and adherence to the
five infection control measures. The pre-
interventional questionnaire was
completed six weeks prior to the onset of
the pre-interventional observations and
did not involve the same visitors. 

Staff and parents were not made aware
of the study and two members of staff
carried out the observations during their
working day so as not to arouse suspicion.

Data analysis used StatsDirect software
(version 2.6.1, 2007) and the chi-square or
Fisher’s exact test. 

Approval for the study was granted by
Salford Royal Teaching Hospital’s Audit
Department.

Results of the 2010-2011 study
Adherence and knowledge of infection
control of visitors to the NICU was shown
to improve with the installation of a
computerised, audiovisual display monitor.
The monitor, electronic circuitry and
instalment cost approximately £200, while
the hospital’s medical physics department
facilitated and programmed the electronic
and computer hardware.

A total of 190 patients’ visitor infection
control episodes were observed during two
periods; 95 observations of patients’
visitors to the NICU pre-installation and
95 post-monitor installation. It was found
that: 
■ Hand washing adherence improved from

79% to 100% (p<0.002)
■ Watch removal increased from 67% to

90% (p=0.001)
■ Jewellery and ring removal (plain bands

permitted) increased from 71% to 84%
(p=0.04)

■ Jacket wearing declined from 11% to 10%
(not statistically significant)

■ Bare below the elbows increased from
76% to 87% (not statistically significant).  
There was a 62% improvement in recall

of all five infection control standards and
94% of the participants ranked the
monitor as ‘highly informative and
effective’ (score four or five out of a
maximum score of five). 

Limitations of the study  
In order to eliminate the Hawthorne effect
(in which participants alter their behaviour
as a result of being part of an experiment

the original site of St Mary’s Hospital in
central Manchester.

As prize-winners of the 2012-13
Innovating for Life Award (neonatal
category) the authors are planning a study
that aims to:
1. Improve awareness and adherence to

infection control standards by parents
and visitors to the three tertiary level
NICUs in Greater Manchester by the
installation of an audiovisual infection
control monitor at the entrance of the
NICUs, a more sophisticated CAVICI
system, with the option of bi-lingual
audio playback and visual display.

2. Increase adherence to infection control
by neonatal healthcare workers.  

3. Assess the long-term impact on
nosocomial infection rates in the tertiary
level NICUs in the region.
A pre- and post-interventional study

looking at awareness and adherence to the
five infection control standards previously
identified (with the addition of use of
hand gel), among parents, visitors and
healthcare workers is proposed. Post-
installation of the audiovisual monitors,
adherence will be studied at six and 12
months and impact on neonatal infection
rates at 12 months.

It has been established that healthcare
workers should adhere to thorough hand
hygiene and that complete adherence to
hand hygiene guidelines may reduce
healthcare-associated infections by 40%13.
However, it has been shown that adherence

FIGURE 1  The audiovisual display monitor showing a video of correct hand washing and
infection control standards.

or study), just chance observations of the
visitors’ infection control procedures were
made; possibly resulting in some missed
observations of hand washing adherence.
Other studies have tried to disguise
surveillance by standing adjacent to lifts10.
Although the study presented here was
approved by the hospital audit department,
questions could be raised about the
appropriateness of covert observation.
Another possible limitation is that only a
single, one-month period, post-installation
of the monitor was looked at and therefore
the longer-term was not addressed – would
there be a sustained increased awareness
and adherence to infection control by
parents and visitors? The visitor
population is a changing population and it
may be expected that the results would be
similar. The aims of this preliminary study
did not include the ultimate goal of an
assessment of whether there was a
reduction in episodes of nosocomial
infection, since this requires a longer-term
study that was not possible due to the
closure of Salford NICU.

Proposed study

During 2011-2012 neonatal and maternity
services were reconfigured in Greater
Manchester. Salford Royal tertiary NICU
was closed with the relocation of tertiary
services to two newly built units at the
Royal Bolton and the Royal Oldham
Hospitals, while a new unit was built on
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to infection control measures in neonatal
intensive care is difficult to achieve14. For
optimal hand hygiene, all rings worn by
staff should be removed since there is evid-
ence from several studies linking all ring
types equally with increased bacterial hand
colonisation6-8. Permission for staff to wear
plain ring bands exists in Salford Royal and
the Royal Bolton Hospitals as in other
hospitals in the Greater Manchester region.

Feasibility survey for a blanket ban
on ring wearing 

To assess the feasibility of introducing a
blanket ban on all rings worn by healthcare
workers in the Royal Bolton NICU, 22
nurses and 16 medical staff present over a
two-day period were observed as to
whether they were wearing a ring and
whether it was a plain band or stoned ring.
They were then asked:
■ Would they be prepared to remove the

ring when at work?
■ If not happy to remove, did their opinion

change if made aware that the evidence
showed that all rings carried an equal risk
of hand bacterial colonisation?

■ Were they physically able to remove
their ring?
The survey showed that 10 nurses were

wearing rings of which all bar one were
plain; one was wearing a stoned wedding
ring. Four of the medical staff were
wearing rings, of which one was a stoned
ring. Only one of the nursing staff was
physically unable to remove her plain ring.
Seven of the nurses wearing rings
expressed a reluctance to remove them,
however all bar two said that they would
having been made aware of the evidence.
Of the two nurses who remained reluctant,
one said that she was not physically able to

remove it and the other said that she had
bought her wedding ring in accordance
with hospital infection control policy in
2011 and would have preferred a stoned
wedding ring. The four medical staff that
wore rings were prepared to remove them,
however, one expressed a reluctance to do
so, expressing concern that it may be lost; a
concern shared with two of the nurses.
Some of the nurses that expressed a
reluctance to remove their wedding rings,
asked whether they could continue to wear
them under gloves after standard hand
hygiene. Evidence from surgical medical
and nursing staff performing surgical
scrubs is conflicting regarding the wearing
of plain rings under gloves, with some
studies showing no increased risk of hand
bacterial load15-16 and others suggesting
there may be an increased risk17. 

Changing practice among healthcare
workers is challenging, particularly in long-
established practices, however optimal
hand hygiene has been shown to reduce
infection rates and is an objective that all
should be aiming for.

This article is based on the winning
submission for the 2012-13 Innovating for
Life Awards (neonatal category), sponsored
by Cow & Gate and Infant.
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V itamin D deficiency continues to be a
public health problem in many

countries despite the presence of cheap and
effective means of preventing the disease.
The deficiency is associated with rickets in
growing children and osteomalacia in
adults. Infants, toddlers and adolescents in
‘at risk’ ethnic minorities (eg Asian,
African Caribbean and Middle Eastern) are
particularly likely to be vitamin D-deficient

or to have rickets. Other clinical
manifestations during childhood include
hypocalcaemic seizures, fractures, lower-
limb deformities, abnormal dentition and
delayed developmental milestones. Rickets
remains a problem in the UK, especially in
certain ethnic minority groups. Growth
rate is likely to be an important factor in
determining the mode of presentation.
Unexplained hypocalcaemia should be
attributed to vitamin D deficiency in at
risk ethnic minority groups until proven
otherwise. The deficiency is attributed to

A case series of vitamin D deficiency in
mothers affecting their infants

Vitamin D plays an essential role in calcium homeostasis, prevention of rickets and the

development and maintenance of the skeleton. We present three cases representing the

spectrum of maternal vitamin D deficiency affecting the infants of deficient mothers. We would

like to highlight the importance of antenatal screening of vitamin D in high-risk populations and

the treatment of infants and mothers at risk following detection of deficiency.
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Key points
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insufficient intake, religious practices and
reduced exposure to sunlight, latitude and
altitude. Paediatricians and other
healthcare professionals should try to
ensure that children and adolescents
receive daily vitamin D requirements
appropriate for their risk factors,
traditions, and customs. Antenatal
screening of the high-risk immigrant
population is warranted. Additionally, it is
important to use every opportunity to
ensure that effective preventive strategies
are put in practice. It is recommended that
healthy infants, children and adolescents
take at least 400 IU vitamin D per day to
prevent rickets and vitamin D deficiency1-4.Case 1

A six-month-old thriving Afghani baby
weighing 8.8kg presented to accident and
emergency with a history of floppy
episodes and twitching of face and all four
limbs lasting for five minutes at a time

0  12:24  Page 196



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


