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=Abstract =
Purpose: Emergency medical service (EMS) personnel are at high risk of spreading infection., In
this study, we used the PRECEDE model to identify the knowledge, status, and barriers to

infection control among Korean paramedics to provide basic infection control data,
Methods: A total of 164 respondents were analyzed for the study. A questionnaire was
administered and collected through an online self—response platform, Descriptive analysis, t—test,

ANOVA, multiple regression, and logistic regression analyses were performed to determine
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infection control practices and associated factors using SAS 9.4. To identify the pathways and
direct, indirect, total effects based on the PRECEDE model, we used AMOS 26.0,

Results: Highly rated self—efficacy (OR 8.82, 95% CI. 3.23—24.09), awareness (OR 6.05, 95% CI:
2.06-17.72), and enabling factors (OR 3.23, 95% CI. 1.18-8.78) led to superior infection control,
As a result of the structural model analysis, the highly rated enabling factors and awareness led
to superior practice patterns.

Conclusion: Practice is related to self—efficacy, awareness, and enabling factors; however, further
research is needed to develop strategies for infection control, In particular, institutional
arrangements are needed to improve the enabling factors, Improving infection control
performance may lead to better infection control and enhanced protection of EMS personnel and

patients against infection risks.
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Table 1. General characteristics of the 119 ambulance crews in the study N(%)
Sex Area
Characteristics (5211;214) D p
- Male Female Urban Rural
Sex Male 115(70.1) 62(63.3) 53(80.3) .030"
Female 49(29.9) 36(36.7) 13(19.7)
Area Seoul 32(19.6) 26(22.6) 6(12.2) 002"
Gyeonggi 66(40.2) 36(31.3) 30(61.2)
Others 66(40.2) 53(46.1) 13(26.6)
Age 20—-29 38(23.2) 22(19.1) 16(32.7)  .289  16(16.3) 22(33.3) .003"
30—-39 102(62.2) 75(65.3) 27(55.1) 64(65.3) 38(57.6)
40—-49 22(13.4) 16(13.9) 6(12.3) 18(18.4)  4(6.1)
> 50 2(1.2) 2 - - 2(3.0)
Education status High school 16,7  11(9.6) - 009" 5.1 609.1) 702
College 68(41.5) 51(44.4) 17(34.7) 43(43.9) 25(37.9)
University 77(47) 50(43.4) 27(55.1) 45(45.9) 32(48.5)
Graduate school 8(4.8) 3(2.6) 5(10.2) 5(5.1) 3(4.6)
Licence type Paramedic 101(61.6) 64(55.7) 37(75.5) .0002° 65(66.3) 36(54.6) .353
EMT-basic 27(16.5)  27(23.5) - 15(15.3) 12(18.2)
Registered nurse  28(17) 16(13.9) 12(24.5) 15(15.3) 13(19.7)
Emergency
medical 8(4.9) 8(7) - 3(3.1) 5(7.6)
responder
Duration of career <1 22(13.4) 15(13.0) 7(14.3) 081 13(13.3) 9(13.6) .024"
ear,
(vear) 1-2 37(22.6) 21(18.3) 16(32.7) 19(19.4) 18(27.3)
2-3 14(8.5) 8(7.0) 6(12.2) 5(6.1) 9(13.6)
3—4 18(11.0)  16(13.8)  2(4.1) 8(8.2) 10(15.2)
> 5 73(44.5) 55(47.8) 18(36.7) 53(54.1) 20(30.3)
Experience of Yes, 89(54.3) 52(45.2) 37(75.5) 0007 61(62.2) 28(37.8) .019"
clinical career
No. 75(45.7) 63(54.8) 12(24.5) 37(37.8) 38(57.6)
Infection control Known, 161(98.2) 95(96.9) 66(100) 274
guidelines
Unknown, 3(1.8) 3(3.1) -
Annual education Provided, 146(89) 83(84.7) 63(95.5) .056
for infection control
Not provided, 18(11) 15(15.3)  3(4.6)
Aware of the code of Known, 157(95.7) 95(96.9) 62(93.9) .440
conduct infection
control Unknown, 7(4.3) 3.1 4(6.1)
Reporting to infection Done, 66(64.7) 43(61.4) 23(71.,9)  .423
prevention committee o none, 36(35.3) 27(38.6)  9(28.1)

“Urban area is defined as Seoul and Gyeonggi—do, and other regions are defined as rural area,
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Table 2, Infection management characteristics of the 119 ambulance crews in the study N(%)
Area
Domains Variables (S‘:;ZL) Urban Rural
(N=98)  (N=66)
Injured by Experienced injuries by needles or medical Yes. 35(21.3) 24(24.5) 11(16.7)
something ~ devices No. 129(78.7) TA(75.5) 55(83.3)
with infection
sources Number of experiences getting injured 2—4 33(94.3) 22(91.7)  11(100)
58 2(5.7) 2(8.4) -
Experiences of Experience of exposure with blood or secretion  vyeg 38(23.2) 30(30.6) 8(12.1)
exposure with of patients to wounded skin or mucous
infection membranes No. 126(76.8) 68(69.4) 58(87.9)
sources Number of exposure experience with blood or 2—4 21(55.3) 16(53.3) 5(62.5)
secretion of patients to wounded skin or mucous 5-8 7(18.4) 6(20) 1(12.5)
membranes
> 10 10(26.3)  8(26.7) 2(25)
Experience of exposure to infectious disease Yes. 81(49.4) 66(67.4) 15(22.7)
No. 83(50.6) 32(32.7) 51(77.3)
Education for Provide [Infection Management] training for Yes. 149(90.9) 89(90.8) 60(90.9)
infection unknown infectious diseases such as MERS No. 15(9.2) 9(9.2) 6(9.1)
control Provide [patient transport] training for unknown Yes, 150(91.5) 90(91.8) 60(90.9)
infectious diseases such as MERS No. 14(8.5) 3(8.2) 6(9.1)
Environmental Furnished medic stations with the infection Yes. 161(98.2) 96(98)  65(98.5)
factors control guideline No. 92(1.2) 1(1.0) 1(1.5)
Unknown, 1(0.6) 1(1.0) -
Furnished ambulances with the infection control Yes. 137(83.5) 85(86.7) 52(78.8)
protocol No. 12(7.3)  66.1)  6(9.1)
Unknown, 150.2) (7. 8(12.1)
Existing an infection control room at each medic Yes, 152(92.7) 95(96.9) 57(86.4)
station No. 12(7.3)  3(3.1)  9(13.6)
Frequent contact patients with infectious Influenza 27(16.5) 20(20.4) 7(10.6)
diseases Tuberculosis 42(25.6) 29(29.6) 13(19.7)
Pneumonia  14(8.5) 9(9.2) 5(7.6)
Diarrhea 39(23.8) 24(24.5) 15(22.7)
Hepatitis 7(4.3) 2(2.0) 5(7.6)
Unknown 35(21.3) 14(14.3) 21(31.8)
Types of exposed infectious disease agents to Blood 45(27.4) 23(23.5) 22(33.3)
expose frequently Saliva 97(59.1)  61(62.2) 36(54.6)
Urine 7(4.2) 6(6.1) 1(1.5)
Other 15(9.2) 8(8.1) 7(10.6)
Average number of daily EMS calls <5 45(27.4)  11(11.2)  35(51.5)
< 10 80(48.8) 55(56.1) 25(37.9)
< 15 32(19.5) 25(25.5) 17(10.6)
> 20 7(4.3) 7(7.1) -
Number of crew in an ambiance < 2 50(80.5) 25(25.5) 25(37.9)
3 70(42.7) 35(35.7) 35(53.0)
> 4 44(26.8) 38(38.8)  6(9.1)
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Table 4. Self—efficacy and awareness and practice of infection management

N=164, Mean+SD

Self—efficacy Awareness Practice
Domains Variables Men Women p Urban Rural p Urban Rural p
(N=115) (N=49) (N=98) (N=66) (N=98) (N=66)
Total mean (SD) 41,57 (3.57) 50.1 (5.10) 50.0 (5.37)
Infectious Needles or sharp instruments should be
disease discharged into a puncture—proof 3.88+0.35 3.86+0.41 .739 4.79+0.48 4.74+0.59 .607 4.81+0.45 4.79+0.57 .827
patient container
MANABEMSNY o) il o Bodly fluld wastss, should. B
BTG 3.83+0.37 3.69+0.58 .124 4.73+0.53 4.71+£0.63 .803 4.74+0.54 4.70+0.68 .632
discharged into a medical waste container
Winlo dettng LET; Should. be: @veid 3.5040.97 3.67+059 152 3.89+155 3.82+154 .777 4.63+0.66 4.67+0.69 .751
contaminate yourself or surroundings.
Field Should practice hand hygiene even if 1
activity was wearing disposable gloves to treat a 3.90+0.30 3.84+£0.37 .263 4.73+0.51 4.67+0.69 .493 4.49+0.74 4.68+0.68 .093
stage patient
Infectious Should not recap needles after using. 3.83+£0.42 3.71£0.54 201 4.85+0.52 4.74+0.64 .254 3.95+1.44 4.00£1.47 .825
substance X
exposure ~ Should be careful when handling a used 596,039 3924028 289 474052 4.74£0.56 977 4.85+0.41 4.79+0.71 545
needle to avoid injury.
Should consider patient’s blood or body
fluids as contaminated things regardless 3.85+0.44 3.84+0.43 .836 4.65+0.8 4.68+0.68 .811 4.70+£0.61 4.76+0.66 .595
of his diagnosis
Should not bend or break used needles. 3.79+£0.45 3.71+0.54 .346 4.44+0.96 4.45+0.83 913 4.64+0.88 4.67+0.73 .855
Should wear at least one of the face
protection devices (e.g., mask with face
shield) when performing 3.76+0.45 3.73+0.53 .788 4.70£0.63 4.76+0.61 .589 4.55+0.80 4.33+1.00 .141
aerosol—generating operations (e.g.,
intubation, respiratory aspiration, and
etc.)
Befere Should wear gloves when disinfecting and 5 9411 47 405+136 517 3.70+1.59 4.09+1.41 112 3.90+147 4.05+136 .517
dispatch cleaning the units and equipment
stage .
Should disinfect and clean more
frequently the areas often contact with 4.76+0.54 4.65+0.71 .317 4.85+0.39 4.73+0.67 .192 4.76+0.54 4.65+0.71 317

patients
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Ay FARde] G TR
SIS Hle oA 293 FHES LA
= Foaof ghth4,73+0.62)7F =4
O] Bt 4.70+0.638 (7). +=d ¢ A9
& 4.76+0.618 (1902 =919 Ao
€ HIoy SAHCR f{osiAe At
{Table 4).
A=} Y vt Ay, e
°§ oA gxte] dofjolut Ao T2 Aty
glo] iie e | Ao hgEstojof gty
9] #6};5% 4.73%4(+0.63), A= 4,744
(£0.54)01900H, ‘Fimkad A=Y 72
eyl = 4.65%(£0.82), 2
Z]E 4.667(£0.75)0]c} ‘oolzEzo] AAE

L 01T W A 587 S @ B9 7

=

A2} ol oh BB (AT HAT 5)
se Agelol Bye] SuE 4464
(+0.89). AAE 4.45%(+0.900]9}, ‘F7)%E
o Bololu} Aajo] e Aol e whEA]
olgalE A8 87]0] Blejop Tt Sl
4.7178(£0.59), ¢IA%= 4 734 (+0.60) 0.2 43)

o Mo

o] ato] QA we] HtEn Wkt 53], &
5 A Aol gxpel WSk A ek Ba

o z}j% 5:% - Zgassfiof %4@:.034)’9} Ex

g3t shefeke

WA U5 T AYE R WA £8 Ao

of fz}u}(p:.oom’ FYEE 4.577(+0.72), 1A

% 4.737(£0.57) 2% FAHLE {ojgt o]
ci(Table 4—1).

Table 4—1. Differences in awareness and practice of infection management

Domains Variables

Mean SD t D

Total mean (SD)

Management Needles or sharp instruments should be discharged into a
of patient puncture—proof container

with

infectious BlooFl or body fluid Wastes should be discharged into a
disease medical waste container

While doffing PPE, should be avoid contaminate yourself or

surroundings,

Field activity Should practice hand hygiene even if I was wearing

0.061 3.72 0.21 834

-0.031 0.41 -0.96 .337
—-0.018 0.60 -0.39 .697
0.079  0.65 157 117

0.159 066 306 .002"

stage disposable gloves to treat a patient
Infectious Should not recap needles after using, -0,110 1,17 -120 .232
substance Should b ful when handli d dl id
exposure Shou e careful when handling a used needle to avoi ~0.018 051 -046 648
injury,
Should .cons1der 'paments blood or bgdy 'flu1ds'as 0018 054 044 663
contaminated things regardless of his diagnosis
Should not bend or break used needles, 0,012 0.47 0.33 740
Should wear at least one of the face protection devices
(e.g., mask w1th face shlejld) when pgrform{ng ‘ 0018 097 -0.24 809
aerosol—generating operations (e.g., intubation, respiratory
aspiration, and etc.)
Brsfore Shguld wear gloves when disinfecting and cleaning the ~0.098 128 -098 329
dispatch units and equipment
stage

Should disinfect and clean more frequently the areas often

contact with patients

0.085 051 213 034"
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PRECEDE 23] 7|5iat 1197chle] zreiae] 4 ool 29l 24 17

Ehs

3) CHAIXte| Zidnta] Zal2QReinforcing ol W) = 9] A o] FAHOR {9
factors) ¥ 7H529l(Enabling factor)  °Ml S3tFHp=0.015)(Table 5.
2 AT0)4 Zeaelo R A Al AR

ol B W] B Em 2 13wolgy. 4. CHAXIL| ZHEHE| slx 2HHARLQI
7FsalolA THeE: WolE s Bt e e JIs vjxe HHadS

(A=, QPR gt 5)7F et ulE EARE AR A el W e
of ltk7h HA| Bt 4.298(+0.82)0lw, 4= WIS} w2 o] 22wk 8.82(95% CI: 3,23~
=Po] 4.267(+0.89), =W ¢ Aol 433 24.09)01910m, Faclql A} e Fof
H(+0.73) 02 o] =g 9 A|%of | I8 =2 o] @=H]7} 6,05(95% CI: 2.06—

ottt 2] 71 AEAE Sl AR 17.72), 7Fs8.91Q1 Wojghgo] W ol vlg| &
AZAXE A =oQeF7) 4,597 (+£0.73) 0.2 2 9] @=u7} 3.23(95% CI: 1.18-8.78) 0.2
kot 92 71 gauEE Hs A8 SARCE ol Aol7t U,

2 Se WS Attt Sl A HHEEA7E W2 2ol vlef] 52 o o=

[e) Rl
BEe 4,331;@0.92)0]313@, 20| 448 H]7} 1.81(95% CL: 0.57-5.75)0]2o0, z]AA
] 41138(£1.04) 02 b G o) BlE| =8 o] @=u|7} 1,.45(95%

Table 5. Enabling factor of Infection management Mean +SD

Area
Variabl Total
ariables (N=164) Urban Rural p

(N=98) (N=66)

Furnished various personal protective equipment

(such as mask, face shield, gloves, and etc.). 4.29+0.82 4.26+0.88  4.33+0.73 950

The manager of EMS has concern about crew to avoid

. . 4.16+0.82 4.11+0.87 4,23+0.74 380
exposure from infection,

It is difficult to properly disinfect and sterilize due to

lack of materials and equipment (reverse). 3.88+1.02 3.84%1.05 3.95+0.98 AT

It is difficult to use even though a protective equipment

has been provided (reverse). 3.85+0,97 3.77+1,00 3.98+0.90 154

The infection control guideline is furnished in the medic
station (e.g., 119 emergency response field guidelines 4.46+0.72 4.52+0.68 4,38+0.78 218
for emergency response),

The infection control protocol is furnished in the

4,02+1,01 4,06+1,01 3.95+£1.00 507
ambulance,

Sharp or pointed medical objects are separated and

discharged into dedicated containers, 4.60+0.70 4.62+0.68 4.56+0.73 519

Our agency requires employees to have regular medical

+ + +
checkups for preventing infection, 4.59+0.73 4.62+0.73 4.53£0.75 432

Our agency has regularly supported vaccinations for

; : 4.33+0.92  4.48+0.80  4.11+1.04 015"
infection control,

Personal protective equipments are properly used, 4.46+0.69 4.53+0.65 4.35+0,73 .095
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Table 6. Logistic regression for practice of infection control

Variables

Model 1

Model I

Model I

OR (95% CI)

OR (95% CI)

OR (95% CI)

Sex
Male(N=115)
Female(N=49)
Area
Rural
Urban
Type

Emergency medical responder

Paramedic
EMT-basic
Registered nurse

Duration of career(year)
<1

1-2

2-3

3—4

> 5

Experience of clinical career

No.
Yes,
Infection exposure index
Low
High
Knowledge
Low
High
Self—efficacy
Low
High
Attitude(stage of change)
Precontemplation stage
contemplation stage
Preparation stage
Action stage
Awareness
Low
High
Environmental factor
Low
High
Reinforcing factor
Low
High
Enabling factors
Low
High

1
0.76(0.26-2.15)

1
0.96(0.37-2.45)

1
0.62(0.05-7.75)
0.84(0.06-10.98)
1.31(0.07-21.92)

1
0.98(0.23-4.16)
0.55(0.09-3.33)
1.27(0.22-7.34)
2.26(0.57-8.84)

1
0.62(0.20-1.8)

1
2.06(0.70-6.01)

1
2.39(1.01-5.61)

1
13.78(5.58-34.04)

1
5.19(0.11-232.59)
13.83(0.36—-527.69)
16.92(0.84-338.07)

1
0.60(0.19-51.85)

1
0.83(0.29-2.374)

1
0.55(0.04-6.77)
0.77(0.05-10.45)
0.99(0.06-16.63)

1
2.56(0.51-12.81)
1.15(0.154-8.62)
1.98(0.31-12.40)
4.55(1,01-20.61)

1
0.78(0.23-2.59)

1
1.57(0.52—-4.70)

1
1.61(0.62—4.18)

1
8.74(3.31-23.03)

1
0.54(0.01-22.66)
4.01(0.11-147.27)
5.69(0.34-94.12)

1
7.61(2.69—-21.49)

1
1.59(0.61-4.13)

1
0.58(0.17-1.92)

1
0.84(0.29-2.48)

1
0.54(0.04-7.16)
0.69(0.04-10.05)
1.17(0.06-21.35)

1
2.39(0.44-12.90)
0.92(0.10-7.96)
2.22(0.32-15.23)
3.44(0.71-16.63)

1
0.62(0.17-2.17)

1
1.81(0.57-5.75)

1
1.45(0.54-3.92)

1
8.82(3.23-24.09)

1
0.35(0.01-17.07)
4,60(0.10-202.77)
4.96(0.27-90.39)

1
6.05(2.06-17.72)

1
1.17(0.42-3.24)

1
1.20(0.46-3.12)

1
3.23(1.18-8.78)

OR : Odds Ratio; CI : Confidence Interval
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Table 7. Parameter estimates of the hypothetical model & standardized direct, indirect, total effects

* Direct Indirect Total
Path B p MO effects effects effects
Enabling factor ------- > Reinforcing factor 0.814 ko 0.070 0.814 - -—- 0814
Enabling factor -------- > Environment factor 0.518 ek 0.105 0518 ——— 0,518
Reinforcing factor ----- > Exposure index -0.013 701 0.001 -0.013 - -- -=0.013
Reinforcing factor ----- > Knowledge 0.026 .007 0.042 0.026 - = = 0.026
Reinforcing factor ----- > Self—efficacy 0.018 279 0.007 0.018 - - = 0.018
Reinforcing factor ----- > Attitude 0.041 132 0.014 0.041 - - - 0.041
Enabling factor ------- > Awareness 0.370 HE 0.370  0.003  0.373
Environment factor ----) Awareness -0.017 642 -0.017 - - - -=0.017
Exposure index -------- > Awareness —-0.056 183 0316 -0.056 — — — —0.056
Knowledge ------------ > Awareness 0.214 138 ’ 0.214 - = = 0.214
Self—efficacy ---------- > Awareness 0.435 wkE 0.435 - —— 0.435
Attitude --------------- > Awareness 0.029 .569 0.029 - = = 0.029
Enabling factor ------- y Practice in Quality of )5 9 0.145  0.254  0.399
infection control
Environment factor ----y Lractice inQuality of = 590 519 o535 0020 —0.012 —0.032
infection control
Awareness ------------ y Dractice in Quality of ) 7o s 0.708 - - - 0708
infection control
‘RMR = 3,522 "SRMR = 1188 'QFI = 894
§RMSEA = 141 INFI = 750 CFI = 787
: SMC : Squared multiple correlations » p<.05
wx0 pd 01 . RMR(Root mean—squared residual)

. SRMR(Standardized root mean—squared residual)

. CFI(Comparative fit index)

. RMSEA(Root mean squared error of approximation)

-

. GFI(Goodness of fit index)

. NFI(Normed fit index)
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Fig. 1. Path diagram of the hypothetical model.
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