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Summary
Background:  Tuberculosis  (TB)  is  transmitted  in  resource-limited  facilities  where  TB
infection  control  (IC)  is  poorly  implemented.  Theory-based  behavioral  models  can
potentially  improve  IC  practices.
Methods:  The  present  study  used  an  anonymous  questionnaire  to  assess  health-
care  worker  (HCW)  TB  IC  information,  motivation,  and  behavioral  skills  (IMB)  and
implementation  in  two  resource-limited  rural  South  African  hospitals  with  prevalent
drug-resistant  TB.
Results:  Between  June  and  August  2010,  198  surveys  were  completed.  Although  the
respondents  demonstrated  information  proficiency  and  positive  motivation,  22.8%
did  not  consider  TB  IC  to  be  worthwhile.  Most  tasks  were  rated  as  easy  by  sur-
vey  participants,  but  responding  HCWs  highlighted  challenges  in  discrete  behavioral
skills.  The  majority  of  responding  HCWs  reported  that  they  always  wore  respirators
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(54.3%),  instructed  patients  on  cough  hygiene  (63.0%),  and  ensured  natural  venti-
lation  (67.4%)  in  high-risk  areas.  Most  respondents  (74.0%)  knew  their  HIV  status.
Social  support  items  correlated  with  the  implementation  of  the  first  three  afore-
mentioned  practices  but  not  with  the  respondents’  knowledge  of  their  HIV  status.  In
most  cases,  motivation  and  behavioral  skills,  but  not  information,  were  associated
with  implementation.
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Conclusion:  HCWs  in  rural  South  African  hospitals  with  high  drug-resistance  demon-
strated  moderate  IMB  and  implementation  of  TB  IC.  Improvement  efforts  should
emphasize  the  development  of  HCW  motivation  and  behavioral  skills  as  well  as  social
support  from  colleagues  and  supervisors.  Such  interventions  should  be  informed  by
baseline  IMB  assessments.  In  the  present  study,  a trimmed/modified  IMB  model  helped
characterize  TB  IC  implementation.

dulaziz  University  for  Health  Sciences.  Published  by  Elsevier
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self-reported  personal  TB  IC  practices,  and  atti-
tude questions  about  the  effects  of  staff  TB  deaths
and perceived  managerial  efforts  to  protect  HCWs.
© 2011  King  Saud  Bin  Ab
Ltd.  All  rights  reserved.

Introduction

Tuberculosis  (TB)  is  often  transmitted  in  health-
care facilities  [1,2].  Nosocomial  TB  transmission  in
resource-limited  settings  causes  high  morbidity  and
mortality, especially  in  the  current  era  of  HIV  and
multi- and  extensively  drug-resistant  TB  (M/XDR-
TB) [3].  Nosocomial  transmission  also  undermines
TB control  [4]  and  endangers  healthcare  workers
(HCWs) [5].

TB  infection  control  (IC)  can  prevent  nosocomial
transmission in  resource-limited  settings  [6,7],  but
TB IC  is  poorly  implemented  in  the  developing  world
[8,9].

TB IC  implementation  and  research  could  bene-
fit from  the  inclusion  of  behavioral  approaches  [3].
These strategies  have  been  shown  to  increase  the
implementation  of  health  policies  [10].  Behavioral
models  describe  actions  by  characterizing  their
causes  and  correlates,  thereby  identifying  poten-
tial avenues  for  behavioral  changes  and  guiding  the
development,  monitoring,  and  evaluation  of  inter-
ventions  [11].

The  information—motivation—behavioral  skills
(IMB) model  (Fig.  1)  states  that  well-informed,
motivated  individuals  develop  necessary  behav-
ioral skills,  which  lead  to  effective  practices  [12].
This model  has  been  useful  in  characterizing  and
enhancing  HIV  risk  reduction  behaviors  [13—15],
antiretroviral  therapy  adherence  [16—18],  and  diet
and exercise  [19].  We  hypothesized  that  the  IMB
model could  characterize  HCW  TB  IC  adherence  and
inform IC  enhancement.

Methods

Setting

The  present  study  was  conducted  at  two  resource-
limited rural  district  hospitals  in  Umzinyathi
district, KwaZulu-Natal,  South  Africa.  Church  of

Scotland Hospital  (COSH)  is  a  350-bed  facility  in
Tugela Ferry  with  documented  nosocomial  TB  and
M/XDR-TB  [20,21].  Charles  Johnson  Memorial  Hos-
pital (CJMH)  is  a  similarly  sized  facility  in  Nqutu.  At
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he  time  of  this  study,  COSH  had  an  appointed  IC
fficer,  had  implemented  a TB  IC  policy,  and  had
lready conducted  some  minor  TB  IC  staff  train-
ng two  years  earlier,  which  consisted  of  a  half-hour
ong  information-based  lecture  to  a few  dozen  staff
embers.  CJMH  had  two  IC  officers  but  no  TB  IC
olicy  or  formal  staff  training.  TB  and  MDR-TB  inci-
ence rates  in  Tugela  Ferry  are  1100/100,000  and
40/100,000,  respectively.  Although  precise  num-
ers are  not  available,  we  presumed  that  Nqutu
ears a  similar  TB  and  MDR-TB  burden  as  Tugela
erry. In  2009,  the  antenatal  HIV  prevalence  in
mzinyathi  district  was  28.2%  [22].  COSH  was  cho-
en for  the  present  study  because  of  its  high  burden
f HIV,  TB  and  M/XDR-TB.  CJMH  was  chosen  because
f its  comparability  with  COSH  (in  terms  of  size,
esources,  level  of  care,  patient  population,  and
isease burden),  the  receptivity  of  its  adminis-
ration to  this  study,  and  its  relative  geographic
roximity to  COSH  (CJMH  is  the  only  district  hospital
n the  neighboring  Nqutu  sub-district).

uestionnaire

he  questionnaire  was  based  on  a proposed  TB  IC
MB model  and  adapted  from  an  instrument  that
as previously  used  at  COSH  [23].  The  question-
aire was  piloted  for  clarity  by  Zulu  staff  from  an
ffiliated organization.  The  survey  was  anonymous,
nglish,  paper-and-pencil,  and  45  min  long.  All  clin-
cal staff  members  who  worked  day  shifts  during
he study  period  in  high-risk  departments  of  the
ospitals  (medical  and  TB  wards  and  outpatient,
ntiretroviral, and  TB  clinics)  were  asked  to  par-
icipate.  Questionnaire  participation  was  voluntary,
nd written  informed  consent  was  acquired.  The
tudy was  deemed  complete  when  all  available  staff
embers  had  been  surveyed.
The survey  assessed  demographics,  TB  IC  IMB,

acility-wide implementation  of  several  TB  IC  tasks,
urvey questions  were  presented  in  the  following
ormats: yes/no,  true/false/do  not  know,  and  a  5-
oint Likert  scale.
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Figure  1  The  information—motivation—behavioral  skills
(IMB)  model.  The  double-headed  arrows  represent  corre-
lations,  and  the  directional  arrows  represent  directional
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ource:  Adapted  from  Fisher  et  al.  [12].

nalysis

he  results  of  the  information  section  of  the  surveys
ere scored  as  correct  or  incorrect,  and  missing,

nvalid, and  ‘‘do  not  know’’  answers  were  scored
s incorrect  (except  for  the  Likert  perceived  knowl-
dge item).  Missing,  invalid,  and  ‘‘do  not  know’’
esponses  to  all  other  survey  items  were  excluded.
here appropriate,  Likert  item  responses  for  moti-

ation and  behavioral  skills  were  reverse-scored
n the  direction  of  increasing  motivation  and  per-
eived ease,  respectively.  Point  statistics,  which
ere used  to  characterize  the  study  sample  across
ll items,  were  compared  between  the  two  partic-
pating  hospitals  with  �2 and  t-tests.  Correlations
etween IMB  variables  and  self-reported  personal
B IC  practices  were  assessed  using  Spearman  cor-
elations and  Wilcoxon  scores.  Each  self-reported
ractice was  regressed  in  a  path  analytic  model
gainst  a  pre-planned  set  of  IMB  items  that  was
ypothesized  to  be  conceptually  related.  These
tructural  equation  models  were  examined  for  mag-
itude and  direction  of  paths.  All  of the  analyses
ere conducted  using  SAS  9.2  (Cary,  NC)  and  M-Plus
.0 (Muthén  &  Muthén,  CA)  software.

thical approval

thical  approval  was  obtained  from  the  review
oards at  the  Yale  University  School  of  Medicine  and
he University  of  KwaZulu-Natal  School  of  Medicine.
esults

he  surveys  were  completed  by  123  HCWs  at
OSH and  75  HCWs  at  CJMH  between  June  and
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ugust  2010  (Table  1).  The  respondents  were  pre-
ominantly  female  (84.2%),  nurses  (78.1%),  and
orking in  outpatient  (16.1%),  medical  (35.2%),  or
B (22.8%)  wards.  No  respondents  refused  to  be  sur-
eyed, but  7  were  unavailable  to  participate  (all
hysicians  at  CJMH).

Most  of  the  information  items  (Table  2)  were
nswered correctly  by  >70%  of  respondents  with
ome exceptions.  Respondents  recognized  the  clas-
ic symptoms  of  pulmonary  TB  and  were  generally
ell informed  about  TB  transmission.  The  respon-
ents’  knowledge  regarding  surgical  masks  and
espirators  was  moderate.  Indeed,  34.3%  believed
hat surgical  masks  are  equivalent  to  respira-
ors in  terms  of  protection  to  the  wearer,  and
9.0% did  not  know  that  respirators  require  a  seal
heck. Although  respondents  were  knowledgeable
bout cough  hygiene  and  natural  ventilation,  54.0%
hought mechanical  ventilation  is  always  better
han natural  ventilation.  The  majority  (69.4%)  did
ot know  that  HIV-positive  HCWs  can  still  acquire
B even  if  they  practice  TB  IC.  Knowledge  relat-

ng to  TB  screening  and  triage  was  moderate,
s 64.1—68.7%  knew  of  the  need  to  undertake
rucial steps,  including  chronic  cough  screening
r the  separation/expedited  care  of  TB  suspects.
ost respondents  (74.5%)  felt  that  they  were  well

nformed  about  TB  IC  strategies.
The present  study  revealed  several  statistically

ignificant inter-hospital  information  differences.
or example,  86.1%  of  the  COSH  respondents  knew
hat watery  eyes  are  not  a common  symptom  of
ulmonary  TB,  but  only  71.0%  of  CJMH  respon-
ents were  aware  of  this  (p  = 0.013).  In  addition,
3.3% of  CJMH  respondents  (compared  with  82.1%
f the  COSH  respondents)  knew  that  TB  could
ot be  spread  by  sharing  bed  linens  (p  =  0.026).
nterestingly, 66.7%  of  COSH  respondents  knew
hat respirators  did  not  need  to  be  thrown  away
very day  compared  to  6.7%  of  CJMH  respondents
p =  0.000).  Moreover,  77.2%  of  COSH  respondents
compared with  64.0%  at  CJMH)  knew  that  wearing

 surgical  mask  decreases  the  amount  of  TB  parti-
les that  a patient  coughs  into  the  air  (p  =  0.044).
urthermore, 93.3%  of  CJMH  respondents  (com-
ared  with  83.7%  at  COSH)  knew  that  respirators
re necessary  even  if  patients  with  confirmed  or
uspected  TB  infection  are  using  cough  hygiene
p =  0.049).

The  motivation  results  (Table  3)  indicated
hat many  (29.4%)  would  not  be  bothered  ‘‘very
uch’’  by  catching  TB.  In  addition,  19.3%  felt
ess susceptible  to  TB  upon  exposure  than  their
o-workers, and  22.8%  did  not  think  that  TB  IC  was
orthwhile.  Almost  half  (44.6%)  found  respirators
ncomfortable, and  30.4%  felt  that  wearing  a
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Table  1  Respondent  demographic  data.

Demographic
variable

Response  option  Hospital  Combined

COSH  CJMH

Number  Percent  Number  Percent  Number  Percent

Department Outpatient  department 14 11.4  17  22.7  31  15.7
Male/female  tuberculosis  ward 26 21.1  18 24.0 44 22.2
Antiretroviral  therapy  clinic 32 26.0 6 8.0 38 19.2
Male/female  medical  ward  37  30.1  31  41.3  68  34.3
Other  9  7.3  3  4.0  12  6.1
Unknown  5  4.1  0  0.0  5  2.5
Total  123  75  198

Job  title  Medical  officer  8  6.5  0  0  8  4.0
Professional  nurse  19  15.4  31  41.3  50  25.3
Enrolled/pupil  nurse  50  40.7  25  33.3  75  37.9
Enrolled  nursing  assistant  20  16.3  8  10.7  28  14.1
Other  25  20.3  10  13.3  32  17.7
Unknown 1  0.8  1  1.3  2  1.0
Total 123 75  198

Career  length Less  than  1  year 31 25.2 22  29.3  53  26.8
1—10  years  68 55.3 41  54.7  109  55.1
Greater  than  10  years 19 15.4  11 14.7 30  15.2
Unknown 5 4.1  1 1.3 6  3.0
Total 123 75 198

Gender  Male  20  16.3  11  14.7  31  15.7
Female  102  82.9  63  84.0  165  83.3
Unknown  1  0.8  1  1.3  2  1.0
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Total  123

respirator  ruined  their  appearance.  Over  90%  were
comfortable  with  opening  hospital  windows,  but
27.9% were  afraid  to  do  so  at  night.  If  they  were
to undergo  personal  HIV  testing  at  their  facility,
31.6% felt  that  colleagues  would  find  out  that  they
were tested,  and  25.0%  believed  that  their  col-
leagues  would  learn  the  results  of  the  test.  Some
respondents  (27.0%)  felt  that  HIV-positive  HCWs
at their  facility  would  be  severely  stigmatized.  If
HCWs were  to  undergo  personal  TB  testing  at  their
facility, 44.6%  felt  that  colleagues  would  find  out
that they  were  tested,  and  41.3%  believed  that
their  colleagues  would  learn  the  results  of  the
test. One-third  of  respondents  (32.8%)  felt  that
HCWs with  TB  and  M/XDR-TB  would  be  severely
stigmatized. Most  agreed  that  the  following
tasks are  important:  cough  screening  (83.3%),
minimizing time  TB  suspects  spend  around  other
patients  (83.8%),  and  knowing  one’s  HIV  status

(98.5%).

The only  statistically  significant  difference  in
motivation  items  between  the  two  hospitals  was  in
response to  the  prompt  ‘‘If  I got  TB  disease,  it  would

i
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75  198

ot  bother  me  very  much.’’  CJMH  staff  members
ere more  bothered  by  the  thought  of  acquiring
B than  COSH  HCWs  (mean  scores  were  3.87/5.00
ersus 3.48/5.00,  p =  0.049).

Most  behavioral  skills  (Table  4)  were  rated  as
asy, including  locating  cough  hygiene  materials,
cquiring a  respirator,  finding  a place  to  test  for
IV, and  opening  ward  windows.  Respondents
ighlighted  discrete  tasks  as  being  relatively
ifficult, including  tasks  related  to  TB  screening
nd triage  (moving  TB  suspects  to  separate  waiting
reas if  available),  personal  HIV  diagnosis  and/or
elocation  if  HIV-positive  (informing  supervisors
f positive  results,  trusting  supervisors  to  main-
ain confidentiality,  and  dealing  with  HIV-related
tigma) and  personal  TB  diagnosis  (dealing  with
B-related  stigma).

The  only  statistically  significant  behavioral  skill
ifference  between  the  two  hospitals  was  the  abil-

ty to  find  tissues/handkerchiefs/masks  to  give  to
oughing patients.  COSH  respondents  rated  this
s easier  than  those  at  CJMH  (mean  values  were
.17/5.00  versus  3.60/5.00,  p  =  0.02).
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Table  2  The  frequency  of  correct  responses  for  the  information  section  of  the  model.  Correct  responses  are  listed
in  the  first  column.  Subsequent  columns  list  the  number  and  percentage  of  respondents  who  answered  correctly.

Number  correct
(out  of  198)

Percent
correct

Pulmonary  TB  symptoms
Blurry  vision  IS  NOT  a  symptom 121 69.9
Coughing  greater  than  2  weeks  IS  a  symptom 193 99.5
Coughing  up  blood  IS  a  symptom 180 98.4
Ear  pain  IS  NOT  a  symptom 148 82.2
Fever  IS  a  symptom  146  79.8
Memory  loss  IS  NOT  a  symptom  122  69.3
Night  sweats  IS  a  symptom  187  97.9
Pain  on  urination  IS  NOT  a  symptom  151  83.4
Watery  eyes  IS  NOT  a  symptom  148  80.4
Weight  loss  IS  a  symptom  193  99.5

Infection  and  spread
FALSE  TB  can  be  spread  to  others  through  semen  or  vaginal  fluid  180  90.9
TRUE  TB  can  be  spread  to  others  through  the  air  184  92.9
FALSE  TB  can  be  spread  to  others  through  blood  162  81.8
TRUE  Patients  with  TB  disease  commonly  infect  people  by  coughing  191  96.5
FALSE  Patients  with  TB  disease  commonly  infect  people  by  sharing  food  166  83.8
TRUE  Patients  with  TB  disease  commonly  infect  people  by  talking  or  singing  115  58.1
FALSE  Patients  with  TB  disease  commonly  infect  people  by  sharing  washed

bed  linens
171 86.4

TRUE  Patients  with  TB  disease  commonly  infect  people  by  sneezing  177  89.4
TRUE  Patients  with  TB  disease  are  more  likely  to  infect  others  if  they  cough

up  a  lot  of  sputum
143 72.2

TRUE  Treating  a  TB  patient  with  the  right  drugs  makes  him  less  infectious  182  91.9

Respirators  and  surgical  masks
TRUE  N95s  [respirators]  decrease  the  amount  of  TB  particles  being  breathed

in
174  87.9

FALSE  N95s  [respirators]  must  be  thrown  away  after  each  day’s  use  87  43.9
FALSE  N95s  [respirators]  work  just  as  well  when  wet  or  visibly  dirty  150  75.8
TRUE  A  surgical  mask  on  a  coughing  TB  patient  decreases  the  amount  of  TB

he  coughs  into  the  air
143 72.2

FALSE  Surgical  masks  are  just  as  good  as  N95s  [respirators]  at  preventing  the
wearer  from  breathing  in  TB  particles

130 65.7

FALSE  An  N95  [respirator]  provides  an  airtight  seal  on  the  face  that  the  user
does  not  need  to  check

101 51.0

Cough  hygiene
FALSE  A  coughing/sneezing  patient  should  be  instructed  to  cough/sneeze

freely  into  the  air
165  83.3

FALSE  If  coughing/sneezing  TB  patients  or  suspects  are  using  handkerchiefs
or  surgical  masks,  there  is  no  need  for  staff  to  wear  N95s  [respirators]

173  87.4

FALSE  Before  a  TB  suspect  has  a  confirmed  diagnosis,  having  him  wear  a
surgical  mask  or  use  cough  hygiene  (handkerchiefs/surgical  masks)  is
unnecessary

153  77.3

Ventilation
TRUE  Opening  windows  can  help  prevent  the  spread  of  TB  193  97.5
FALSE  If  a  fan  is  used  in  a  room,  opening  windows  will  NOT  provide  additional

infection  control
143 72.2

FALSE  Mechanical  ventilation  (like  extractor  fans)  is  always  more  effective
than  natural  ventilation  (open  windows)  for  preventing  TB

91 46.0

Increased  susceptibility  of  HIV-positive  people  to  TB
TRUE  An  HIV  positive  person  is  more  likely  than  an  HIV-negative  person  to

become  sick  with  TB  if  exposed  to  TB
162 81.8
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Table  2  (Continued)

Number  correct
(out  of  198)

Percent
correct

FALSE  An  HIV  positive  staff  member  cannot  get  sick  with  TB  if  they  practice
TB  prevention  strategies

60 30.3

TRUE  HIV  positive  staff  who  are  healthy  and  on  ARVs  should  still  try  to  avoid
working  in  high  risk  areas

146 73.7

Screening/separation  of  TB  suspects
TRUE  When  entering  the  outpatient  department  or  ARV  clinic,  every  patient

should  be  asked  if  they  are  coughing
136 68.7

FALSE  It  is  okay  for  a  patient  to  give  a  sputum  sample  in  the  waiting  room
around  other  patients

179 90.4

TRUE  Patients  who  are  identified  as  TB  suspects  should  be  separated  from
other  patients  in  the  waiting  area

127 64.1
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Information  co-varied  with  motivation  (p  < 0.001).
FALSE  TB  suspects  in  the  waiting  area  should  wait  just  a
else,  and  should  not  be  rushed  through  the  queue

Respondents  reported  moderate  levels  of  TB
IC implementation  within  their  facilities.  Most
reported  that  the  following  practices  were  always
implemented:  respirators  were  worn  in  high-risk
areas (52.6%),  coughing  patients  were  made  to  use
cough hygiene  (60.1%),  windows  were  opened  in
patient areas  (80.0%),  and  TB  suspects  in  the  out-
patient department  or  antiretroviral  (ARV)  clinic
were immediately  taken  for  diagnosis  (50.0%).  In
contrast, only  26.3%  stated  that  patients  were
always  screened  for  cough  upon  entering  the
outpatient department  or  ARV  clinic,  and  only
37.8%  of  the  respondents  reported  that  TB  sus-
pects were  always  separated  from  other  patients.
There were  no  statistically  significant  inter-facility
differences among  questions  related  to  TB  IC
implementation.

When  respondents  were  asked  about  their  own
practices  when  they  were  in  high-risk  TB  areas
of the  hospital  in  the  last  month,  more  than
half claimed  to  always  wear  a  respirator  (54.3%),
instruct patients  on  cough  hygiene  (63.0%),  and
ensure  natural  ventilation  (67.4%).  There  were
no statistically  significant  inter-facility  differences
among  these  questions.  Most  (74.0%)  reported  that
they knew  their  HIV  status  (81.0%  at  COSH  versus
63.8% at  CJMH,  p  =  0.012).

Because of  staff  TB  and  M/XDR-TB-attributed
deaths,  many  felt  less  willing  to  work  in  high-risk
areas of  the  hospital  (65.5%)  or  to  continue  as
an HCW  (25.7%).  Most  (61.5%)  agreed  that  their
facility  management  ‘‘cares  about  [them]  and  is
trying hard’’  to  prevent  staff  infections.  There  were
no statistically  significant  inter-facility  differences
among  these  questions.
Self-reported  personal  TB  IC  practices  co-
varied with  numerous  IMB  variables  (Table  5).
Social  support  items  (e.g.,  whether  co-workers
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g  as  everyone 136 68.7

mplement/support  TB  IC  and  whether  supervisors
raise implementation)  were  correlated  with  sev-
ral practices,  but  not  with  knowledge  of  personal
IV status.  We  also  observed  associations  between

mplementation  and  relevant  behavioral  skills.
Structural equation  IMB  models  were  created  for

ach of  the  four  self-reported  practices  (respirator
se, cough  hygiene  instruction,  natural  ventila-
ion instruction,  knowledge  of  personal  HIV  status).
odel inputs  are  available  (Supplement),  and  the
utputs are  presented  in  Fig.  2  and  described  below.

espirator use IMB model

nformation  co-varied  with  motivation  (p  = 0.001).
tatistically  significant  paths  included  motivation
o behavioral  skills  (p  =  0.001),  motivation  to  prac-
ice (p  =  0.003),  and  behavioral  skills  to  practice
p = 0.010).  Information  was  not  related  to  behav-
oral skills  or  practice.

ough hygiene instruction IMB model

nformation  co-varied  with  motivation  (p  < 0.001).
tatistically  significant  paths  included  motivation
o behavioral  skills  (p  = 0.045)  and  motivation  to
ractice (p  =  0.004).  Information  was  not  related  to
ehavioral skills  or  practice,  and  behavioral  skills
ere not  related  to  practice.

atural ventilation implementation IMB
odel
tatistically  significant  paths  included  motiva-
ion to  practice (p = 0.005)  and  behavioral  skills
o practice  (p  =  0.016).  Neither  motivation  nor
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Table  3  The  distribution  of  motivation  responses.  For  the  sake  of  presentation,  5-point  Likert  items  (strongly
agree—strongly  disagree)  have  been  collapsed  to  3-point  Likert  items  (agree—disagree).

Motivation  item  prompt  Response  option  Count  Percent

If  I  got  TB  disease,  it  would  not  bother  me  very  much. Agree  58  29.4
Neither  agree/disagree 12 6.1
Disagree 127 64.5

If  my  co-workers  and  I  were  exposed  to  TB,  they  might  get
infected  but  I  would  not.

Agree 38  19.3
Neither  agree/disagree  21  10.7
Disagree  138  70.1

Patients  know  when  they  come  to  the  hospital  that  there  will
be  germs  and  diseases  here,  so  prevention  is  really  their
responsibility,  not  mine.

Agree 30  15.3
Neither  agree/disagree  10  5.1
Disagree  156  79.6

With  everything  I  have  to  do  each  day,  I  don’t  have  time  to
worry  about  preventing  the  spread  of  TB.

Agree 15  7.7
Neither  agree/disagree  2  1.0
Disagree  179  91.3

It  is  important  to  ask  each  patient  when  they  present  to  the
outpatient  department  or  ARV  clinic  if  they  are  coughing,
even  if  their  complaint  is  unrelated  to  cough.

Agree  164  83.2
Neither  agree/disagree 13  6.6
Disagree 20 10.1

It  is  important  to  minimize  the  time  TB  suspects  spend  around
others  in  the  outpatient  department  or  ARV  clinic  waiting
areas.

Agree 165 83.8
Neither  agree/disagree 9 4.6
Disagree 23 11.7

Knowing  my  HIV  status  is  important  to  me. Agree 194 98.5
Neither  agree/disagree 1 0.5
Disagree 2 1.0

TB  infection  control  strategies  are  not  worth  all  the  effort
that  goes  into  them.

Agree 44 22.8
Neither  agree/disagree 22 11.4
Disagree 127 65.8

Wearing  an  N95  [respirator]  is  uncomfortable. Agree 88 44.7
Neither  agree/disagree  20  10.2
Disagree  89  45.2

The  N95  [respirator]  ruins  my  appearance. Agree  59  30.4
Neither  agree/disagree  15  7.7
Disagree  120  61.9

Instructing  coughing  patients  on  cough  hygiene  when  I  am
busy  with  other  tasks  is  frustrating.

Agree  44  22.3
Neither  agree/disagree  15  7.6
Disagree  138  70.1

I  don’t  like  opening  windows  in  the  hospital. Agree  9  4.6
Neither  agree/disagree  8  4.1
Disagree  180  91.4

I  would  be  afraid  to  leave  the  windows  of  the  hospital  wards
open  at  night.

Agree  55  27.9
Neither  agree/disagree  22  11.2
Disagree  120  60.9

If  I  get  myself  tested  for  HIV  at  this  hospital,  my  co-workers
would  probably  find  out  that  I  got  tested.

Agree  62  31.6
Neither  agree/disagree  17  8.7
Disagree  117  59.7

If  I  get  myself  HIV  tested  at  this  hospital,  my  co-workers
would  probably  find  out  my  HIV  test  results.

Agree 49  25.0
Neither  agree/disagree  20  10.2
Disagree 127  64.8

If  co-workers  found  out  that  a  healthcare  worker  at  this
facility  was  HIV-positive,  he  or  she  would  probably  be
severely  stigmatized.

Agree 53  27.0
Neither  agree/disagree 31  15.8
Disagree 112 57.1

If  I  get  myself  tested  for  TB/MDR-TB/XDR-TB  at  this  hospital,
my  co-workers  would  probably  find  out  that  I  got  tested.

Agree 87 44.6
Neither  agree/disagree  21  10.8
Disagree  87  44.6

If  I  get  myself  tested  for  TB/MDR-TB/XDR-TB  at  this  hospital,
my  co-workers  would  probably  find  out  my
TB/MDR-TB/XDR-TB  test  results.

Agree 81  41.3
Neither  agree/disagree  27  13.8
Disagree  88  44.9
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Table  3  (Continued)

Motivation  item  prompt Response  option  Count  Percent

If  co-workers  found  out  that  a  healthcare  worker  at  this
facility  had  TB/MDR-TB/XDR-TB,  he  or  she  would  probably
be  severely  stigmatized.

Agree 64  32.8
Neither  agree/disagree  29  14.9
Disagree 102 52.3

People  who  are  important  to  me  want  me  to  protect  myself
from  catching  TB.

Agree 182 93.3
Neither  agree/disagree  4  2.1
Disagree  9  4.6

My  co-workers  practice  TB  infection  control  strategies. Agree  157  80.9
Neither  agree/disagree  26  13.4
Disagree  11  5.7

My  supervisor  would  praise  people  for  practicing  TB  infection
control.

Agree  167  86.1
Neither  agree/disagree 11 5.7
Disagree  16  8.2

My  co-workers  support  TB  infection  control  strategies. Agree  169  86.7
Neither  agree/disagree  18  9.2
Disagree 8  4.1

It  frustrates  me  when  patients  complain  after  I  ask  them  to
follow  cough  hygiene  (using  handkerchiefs/surgical  masks).

Agree 107  54.9
Neither  agree/disagree 19 9.7
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information  was  significantly  related  to  behavioral
skills, and  information  was  not  related  to  practice.

Knowledge of personal HIV status IMB model

Statistically  significant  paths  included  motivation
to behavioral  skills  (p  <  0.001)  and  motivation  to
practice (p  =  0.008).  Information  was  not  related  to
behavioral skills  or  practice,  and  behavioral  skills
did not  relate  to  practice.

Discussion

We  surveyed  TB  IC  IMB  and  implementation  among
HCWs at  two  resource-limited  rural  South  African
hospitals with  prevalent  TB  and  M/XDR-TB.  We
found that  HCWs  were  generally  well-informed.
With a  few  exceptions,  HCWs  had  appropriate
motivation, rated  most  TB  IC  tasks  as  easy  to  per-
form, and  reported  that  they  and  their  colleagues
generally implemented  many  TB  IC  steps  appro-
priately. Social  support  items  correlated  with  self-
reported implementation  of  several  TB  IC  practices.
Behavioral models  demonstrated  that  motivation
and behavioral  skills  were  associated  with  TB  IC
practice in  most  cases,  while  information  inputs
were less  helpful  in  characterizing  implementation.

Implications for TB IC training and

interventions

The  present  findings  suggest  that  training  and
interventions  to  promote  TB  IC  practices  among
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Disagree 69 35.4

xperienced  HCWs  may  be  most  influential  when
argeting  motivation  and  behavioral  skills  devel-
pment.  This  differs  substantially  from  current
raining approaches,  which  heavily  emphasize
nformation or  knowledge  of  TB  IC  guidelines  [6,24].
or example,  in  addition  to  informing  staff  about
atural ventilation,  the  implementation  of  this
trategy could  be  greatly  augmented  by  training
CWs to  better  explain  the  importance  of  open
indows to  their  patients.  Similarly,  exploring  and
ddressing concerns  HCWs  have  regarding  the  like-
ihood that  their  natural  ventilation  efforts  will  be
eversed by  patients  and  colleagues  may  also  be
eneficial.  In  terms  of  motivation,  improving  per-
eived social  support  for  TB  IC  could  be  particularly
mportant for  several  activities  (please  see  ‘Social
upport’  section  below).  Although  future  research  is
eeded to  identify  the  adult  learning  strategies  that
ould most  likely  enhance  motivation  and  skills,
dding  these  considerations  to  TB  IC  training  agen-
as may  offer  valuable  contributions.

The present  results  also  demonstrated  that  a
rief baseline  TB  IC  IMB  measurement  can  highlight
oth  strengths  and  weaknesses  of  HCWs.  Simple
ools,  such  as  questionnaires  [23]  or  staff  inter-
iews [25],  provide  crucial  data  that  can  guide  and
treamline  TB  IC  training  and  interventions.

ocial support
ome  of  the  most  consistent  co-variates  of  self-
eported  practice  were  prompts  related  to  social
upport.  The  perspectives  and  actions  of  co-
orkers can  influence  HCW  behavior.  For  example,
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Table  4  Behavioral  skills.  The  mean  refers  to  the  perceived  ease  of  each  task,  and  the  scores  ranged  from  1  (very
difficult)  to  5  (very  easy).

Behavioral  skill  Mean  Standard  deviation

TB  screening  and  triage
When  in  the  outpatient  department  or  ARV  clinic,  ask

each  patient  when  they  enter  if  they  are  coughing,  and
if  so,  for  how  long

3.64 1.12

When  in  the  outpatient  department  or  ARV  clinic,  move
TB  suspects  to  wait  at  a  nearby  but  separate  waiting
area  if  one  were  available

2.89  1.15

When  in  the  outpatient  department  or  ARV  clinic,  rapidly
move  a  TB  suspect  to  the  front  of  the  queue  so  he  or
she  is  seen  quickly  to  minimize  the  amount  of  time  he
spends  in  the  waiting  area  around  other  patients

3.08  1.31

Cough  hygiene
Find  tissues/handkerchiefs/masks  to  give  to  patients  3.95  1.15
Request  a  coughing  patient  to  use  cough  hygiene

(tissues/handkerchiefs/cough  into  arms)
3.99  1.05

Respond  to  patient  complaints  about  having  to  use  cough
hygiene  (like  wearing  a  mask)

3.72  1.05

Get  older  patients  to  use  cough  hygiene
(tissues/handkerchiefs/cough  into  arms)

3.20  1.27

Get  male  patients  to  use  cough  hygiene
(tissues/handkerchiefs/cough  into  arms)

3.11  1.31

Respirator  use
Get  your  own  N95  [respirator]  4.04  1.23
Breathe  comfortably  while  wearing  an  N95  [respirator]  4.12  0.90
Interact  with  your  patients  while  wearing  an  N95

[respirator]
3.55  1.14

Maintain  your  appearance  while  and  after  wearing  an  N95
[respirator]

3.54  1.24

Personal  HIV  testing  and/or  relocation
Find  a  place  to  be  privately  and  confidentially  HIV  tested

(either  at  the  facility  or  elsewhere)
3.94  1.20

Inform  a  supervisor  of  test  results  if  they  showed  that  you
were  HIV  positive

2.62 1.29

Trust  the  supervisor  to  keep  your  HIV  status  confidential  2.52  1.30
Deal  with  HIV  stigma  at  work  if  you  had  HIV 2.57  1.28

Personal  TB  diagnosis
Recognize  TB  symptoms  in  yourself  if  they  arose  4.03  1.03
Find  a  way  to  be  privately  and  confidentially  tested  for  TB  3.68  1.13
Trust  that  the  occupational  health  officer  or  medical

officer  will  keep  the  [TB]  results  confidential
3.11  1.34

Deal  with  TB/MDR-TB/XDR-TB  stigma  at  work  if  I  had
TB/MDR-TB/XDR-TB

2.62  1.33

Natural  ventilation
Open  windows  in  the  wards  4.32  0.92
Ensure  that  patients  don’t  close  the  windows  in  the  wards  3.47  1.26
Ensure  that  other  staff  don’t  close  the  windows  in  the

wards
3.86  1.10

Explain  to  patients  why  it  is  important  to  keep  the
windows  open

4.34 0.79

Find  ways  to  keep  patients  warm  (e.g.,  blankets,  heaters)
if  they  complain  about  the  cold  because  of  the  open
windows

3.45  1.42
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Table  5  Correlations  between  IMB  items  and  self-reported  behaviors  of  interest.  For  the  sake  of  presentation,  only  those  associations  with  p  ≤  0.05  are  shown.

Frequency  of  self-reported  use
of  respirators  in  high-risk
situations/areas  in  the  last
month

Frequency  of  self-reported
instruction  to  patients  regarding
cough  hygiene  in  high-risk
situations/areas  in  the  last
month

Frequency  of  self-reported
natural  ventilation
implementation  in  high-risk
situations/areas  in  the  last
month

Self-reported  knowledge  of
personal  HIV  status

Information
None  None  None  Correct  response  to  questions

about  cough  hygiene  (p  =  0.008)
Correct  response  to  questions
about  importance  of  screening
and  separation  of  TB  suspects
(p  =  0.019)
Self-report  of  being
well-informed  about  TB
infection  control  strategies
(p  =  0.038)

Motivation
Disagree:  If  I  get  myself  tested
for  TB/MDR-TB/XDR-TB  at  this
hospital,  my  co-workers  would
probably  find  out  that  I  got
tested  (p  =  0.044)

Disagree:  TB  infection  control
strategies  are  not  worth  all  the
effort  that  goes  into  them
(p  =  0.036)

Disagree:  TB  infection  control
strategies  are  not  worth  all  the
effort  that  goes  into  them
(p  =  0.016)

Disagree:  With  everything  I  have
to  do  each  day,  I don’t  have
time  to  worry  about  preventing
the  spread  of  TB  (p  =  0.037)

Agree:  My  co-workers  practice
TB  infection  control  strategies
(p  =  0.012)

Disagree:  Wearing  an  N95
[respirator]  is  uncomfortable
(p  =  0.001)

Disagree:  Wearing  an  N95
[respirator]  is  uncomfortable
(p  =  0.048)

Agree: Knowing  my  HIV  status  is
important  to  me  (p  =  0.041)

Agree:  My  supervisor  would
praise  people  for  practicing  TB
infection  control  (p  =  0.010)

Disagree:  Instructing  coughing
patients  on  cough  hygiene  when
I am  busy  with  other  tasks  is
frustrating  (p  =  0.079)

Agree:  My  co-workers  practice
TB  infection  control  strategies
(p  =  0.000)

Disagree:  TB  infection  control
strategies  are  not  worth  all  the
effort  that  goes  into  them
(p  =  0.006)

Agree:  My  co-workers  support
TB  infection  control  strategies
(p  =  0.017)

Agree:  My  co-workers  practice
TB  infection  control  strategies
(p  =  0.017)

Agree: My  co-workers  support
TB  infection  control  strategies
(p  =  0.005)

Disagree:  Wearing  an  N95
[respirator]  is  uncomfortable
(p  =  0.046)

Agree:  My  co-workers  support
TB  infection  control  strategies
(p  =  0.012)
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Behavioral  skills
Find
tissues/handkerchiefs/masks  to
give  to  patients  (p  =  0.000)

When  in  the  outpatient
department  or  ARV  clinic,  ask
each  patient  when  they  enter  if
they  are  coughing,  and  if  so,  for
how  long  (p  =  0.035)

When  in  the  outpatient
department  or  ARV  clinic,
rapidly  move  a  TB  suspect  to  the
front  of  the  queue  so  he  or  she
is  seen  quickly  to  minimize  the
amount  of  time  he  spends  in  the
waiting  area  around  other
patients  (p  =  0.036)

None

Request  a  coughing  patient  to
use  cough  hygiene  (p  =  0.000)

When  in  the  outpatient
department  or  ARV  clinic,
rapidly  move  a  TB  suspect  to  the
front  of  the  queue  so  he  or  she
is  seen  quickly  to  minimize  the
amount  of  time  he  spends  in  the
waiting  area  around  other
patients  (p  =  0.008)

Find
tissues/handkerchiefs/masks  to
give  to  patients  (p  =  0.001)

Respond  to  patient  complaints
about  having  to  use  cough
hygiene  (like  wearing  a  mask)
(p  =  0.036)

Find
tissues/handkerchiefs/masks  to
give  to  patients  (p  =  0.030)

Request  a  coughing  patient  to
use  cough  hygiene
(tissues/handkerchiefs/cough
into  arms)  (p  =  0.002)

Get  your  own  N95  [respirator]
(p  =  0.000)

Deal with  TB/MDR-TB/XDR-TB
stigma  at  work  if  I  had
TB/MDR-TB/XDR-TB  (p  =  0.033)

Get your  own  N95  [respirator]
(p  =  0.001)

Interact  with  your  patients
while  wearing  an  N95
[respirator]  (p  =  0.015)

Ensure  that  other  staff  don’t
close  the  windows  in  the  wards
(p  =  0.014)

Interact  with  your  patients
while  wearing  an  N95
[respirator]  (p  =  0.035)

Maintain  your  appearance  while
and  after  wearing  an  N95
[respirator]  (p  =  0.011)

Explain  to  patients  why  it  is
important  to  keep  the  windows
open  (p  =  0.002)

Find a  way  to  be  privately  and
confidentially  tested  for  TB
(p  =  0.002)

Ensure  that  patients  don’t  close
the  windows  in  the  wards
(p  =  0.029)

Ensure that  patients  don’t  close
the  windows  in  the  wards
(p =  0.003)

Ensure  that  other  staff  don’t
close  the  windows  in  the  wards
(p  =  0.000)

Ensure that  other  staff  don’t
close  the  windows  in  the  wards
(p  =  0.000)

Explain  to  patients  why  it  is
important  to  keep  the  windows
open  (p  =  0.003)

Explain  to  patients  why  it  is
important  to  keep  the  windows
open  (p  =  0.000)
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Figure  2  Information—motivation—behavioral  skills  (IMB)  models  for  self-reported  respirator  use,  cough  hygiene
instruction,  natural  ventilation  implementation,  and  knowledge  of  personal  HIV  status.  The  numbers  and  p  values
are  provided  in  the  figure.  The  solid  arrows  indicate  statistically  significant  correlations/directional  path  relationships
(p  ≤  0.05),  whereas  dotted  arrows  are  not  statistically  significant.  All  correlations/directional  path  relationships  are
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positive.

HCWs  who  wish  to  implement  TB  IC  where  it  is
not generally  practiced  may  hesitate  because  of
a fear  of  ostracization.  Conversely,  staff  who  see
their co-workers  enthusiastically  and  appropriately
implementing  TB  IC  may  feel  compelled  and/or
empowered. Our  research  indicated  that  HCWs  sup-
port the  prevention  of  nosocomial  TB  transmission.
If HCWs  knew  that  their  colleagues  shared  this  sen-
timent, they  might  be  more  likely  to  take  further
steps to  achieve  TB  IC.

Supervisors  are  critical  to  creating  an  environ-
ment that  is  conducive  to  TB  IC  implementation.
Hand hygiene  studies  from  the  United  States  have
shown that  supervisors  who  model  effective  behav-
iors have  a  powerful  influence  on  the  actions
of their  subordinates  [26,27].  Beyond  being  role
models, supervisors  can  also  encourage  staff  mem-
bers by  noticing  and  rewarding  HCWs’  efforts
to reduce  nosocomial  TB  transmission.  This  can
provide  effective  performance  feedback  [28]  and
positive reinforcement.

Comparisons to implementation in other
resource-limited facilities
TB  IC  implementation  at  the  two  study  hospi-
tals compares  favorably  to  other  assessments
in the  developing  world.  Screening  and  triage
appeared better  at  COSH  and  CJMH  than  at  a

m

s
i

eruvian  emergency  department  [29]  or  a  cohort
f Malawian  facilities  [30].  In  addition,  a  greater
roportion  of  COSH  and  CJMH  HCWs  knew  their  HIV
tatus compared  with  staff  at  a Kenyan  tertiary
enter [31].  Self-reported  respirator  use  at  the  two
ospitals  included  in  the  present  study  was  greater
han in  40  Chinese  TB  facilities  [32]  or  a  Peruvian
mergency department  [29].

The  present  COSH  TB  IC  assessment  also  com-
ares well  to  a  previous  one  at  the  hospital  in
007 [23].  For  instance,  while  26.4%  of  respon-
ents in  2007  cited  the  lack  of  available  tissues
nd surgical  masks  for  preventing  cough  hygiene
mplementation,  in  the  current  study  80.0%  of  COSH
espondents  rated  locating  such  materials  as  easy  or
ery easy.  A  similar  improvement  was  apparent  in
erms of  using  respirators.  Despite  the  persistence
f troubling  concerns  related  to  stigma  and  confi-
entiality,  HCWs  are  now  much  less  likely  to  report
ot knowing  their  HIV  status  (19.0%  in  2010  versus
1.5% in  2007).  Though  rare  HCW  TB  deaths  have
ontinued  since  2007,  COSH  staff  members  are  now
ess likely  to  be  hesitant  to  work  in  high-risk  hos-
ital areas  (62.0%  in  2010  versus  82.1%  in  2007)
r consider  leaving  the  profession  (29.5%  in  2010
ersus 42.9%  in  2007)  in  light  of  their  co-workers’

ortality.
Taken together,  the  present  results  demon-

trated that  a  greater  level  of  TB  IC  implementation
s possible  in  resource-limited  settings  than  what
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as  been  reported  to  date  in  the  literature.  The
rogress  at  COSH,  which  has  benefited  from  a TB
C program  that  included  the  naming  of  an  IC  offi-
er and  the  ratification  of  a  facility  policy,  suggests
hat HCW  TB  IC  uptake  can  be  improved.  We  believe
hat the  application  of  the  IMB  model  and  our
ecommendations  can  further  enhance  TB  IC  imple-
entation  at  COSH,  CJMH,  and  other  hospitals  and

egions.

B IC IMB modeling

he  present  study  used  the  IMB  behavioral  model
o characterize  TB  IC  implementation.  Our  mod-
ls generally  performed  as  expected,  particularly
ith regard  to  the  associations  between  motivation
nd behavioral  skills  and  self-reported  implemen-
ation; however,  the  models  also  showed  two  key
nconsistencies.  First,  information  scales  were  not
ssociated  with  behavioral  skills  or  practice  in  any
f the  models.  Trimming  or  modifying  our  TB  IC  IMB
odels by  removing  the  information  inputs  resulted

n a  more  accurate  characterization  of  implemen-
ation. This  finding  is  in  line  with  some  IMB  studies
hat found  that  information  was  not  strongly  predic-
ive of  regular  safer  sexual  practices  among  various
opulations  [13—15,33]. A  possible  reason  for  the
nconsistent  associations  of  information  in  our  study
s that  the  generally  high  information  levels  of
ur sample  may  have  caused  a  ceiling  effect  (i.e.,
nowledge  was  high  enough  to  no  longer  have  a
easurable  effect  on  implementation  frequency).

n addition,  our  information  questions  may  have
acked  the  behavioral  specificity  needed  to  accu-
ately capture  the  kinds  of  knowledge  that  would
acilitate  behavioral  skills  or  practices.  Alterna-
ively, information  may  have  less  influence  on  TB
C practices  than  the  IMB  model  predicted.  Gaining

 better  understanding  of  how  to  best  assess  infor-
ation and  its  role  in  TB  IC  is  an  important  goal  for

uture research.
Another  inconsistency  was  that  the  IMB  model  for

nowledge  of  personal  HIV  status  performed  poorly.
umerous  factors  influence  an  HCW’s  decision  to
et tested  for  HIV,  and  the  items  used  in  the  present
tudy  were  mostly  limited  to  TB-related  reasons  for
iagnosis. Not  surprisingly,  this  relatively  unsophis-
icated  model  was  inadequate  in  characterizing  a
ery complex  and  highly  context-driven  behavior
34—36].  A  refined  model  is  needed  in  future  stud-
es.

Although  the  models  in  the  present  study  were

ot fully  consistent  with  the  predicted  IMB  model  in
ll cases,  this  research  yielded  important  insights,
ncluding  measurement  issues  and  strengths  and
pportunities  for  improvement  in  TB  IC  IMB  among

o
c
t
i
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CWs.  We  hope  that  this  investigation  will  be  a
elpful starting  point  for  the  design  and  use  of
urther  behavioral  approaches  to  improve  TB  IC
mplementation.

imitations

he  present  study  had  several  limitations.  First,
elf-report  is  subject  to  systematic  biases  that
verstate  adherence  [37].  Consequently,  using  self-
eported practices  as  the  outcome  variable  for  a
escriptive  model  can  be  limiting.  Secondly,  the
urvey was  conducted  in  English,  a  second  language
or most  participants.  While  all  respondents  who
ttempted  the  survey  were  able  to  complete  it
ithout  issue,  a Zulu  instrument  might  have  yielded
ore accurate  results.  Thirdly,  the  present  study
as observational,  which  means  that  we  cannot
ttribute  causation  to  any  items  that  co-varied  with
elf-reported  TB  IC  practices.  Finally,  our  demo-
raphic  results  demonstrated  a  slight  discrepancy
etween occupations  represented  at  each  of  the
wo hospitals,  which  limited  inter-facility  compar-
sons.

onclusion

nsuring  better  TB  IC  implementation  is  crucial
o prevent  nosocomial  transmission  in  resource-
imited settings.  The  present  assessment  demon-
trated  substantial  strengths  and  highlighted
pportunities for  improvement  in  TB  IC  IMB  and
mplementation  in  two  rural  South  African  dis-
rict hospitals  with  prevalent  TB  and  M/XDR-TB.
mproving motivation,  particularly  providing  social
upport, and  developing  behavioral  skills  are  pri-
rities for  interventions  to  increase  HCW  TB  IC
mplementation.  Such  efforts  should  be  informed
y baseline  IMB  assessments.  A  trimmed/modified
MB model  was  moderately  successful  in  character-
zing  TB  IC  practice  and  has  the  potential  to  guide
uture behavioral  research  and  interventions.
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