
Correspondence:
Semiha S. GRASSIE 
Yenimahalle Yıldırım Bayezit Eğitim ve Araştırma Hastanesi, Enfeksiyon Hastalıkları ve Klinik Mikrobiyoloji Kliniği, Ankara, Türkiye.
e-mail: semihasolak@yahoo.com

INTRODUCTION
Intensive care units (ICUs) are important departmants at the hospital for nosocomial infections. Although an ICU has 5%–
10% of the hospital beds, 25%–50% of the nosocomial infections originate from the ICU (1,2). Both ventilator-related 
pneumonia (VRP) and catheter-related urinary tract infections (CRUIs) are the most common infections in the ICU (3). Many 
risk factors are responsible for nosocomial infection in the ICU (1,4). Some of the risk factos are related to the patient, 
whereas the others are related to the external factors (1,4). It is known that improving the risk factors decreases the infection, 
mortality, morbidity, and cost (1,3).

The environmental conditions affect the infection rate in the ICU (5,6). The patient number in the room, being in single or 
multiple patient room, space in the room, and design of the room are important for infecton control in the ICU (2,5,6,7,8). 
Generally efficient  airconditioning, filter, heat, and humidity systems are important for infection control at the hospital. These 
systems are more important than the others in some departments such as the ICU (9).
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The number of the nurses working in the ICU is also related to 
the infection rate (5,7). A previous study found that a decrease 
in nurse/patient ratio, insufficient training of the nurses, and 
constantly changing nurses increase the infection rate (1,5,7). 
Working with trained nurses is important for infection control (10). 
Nonetheless, it is hard to determine the ideal number and quality 
of nurses working in the ICU.

This study aimed to determine the effects of the changes in 
environmental conditions such as temperature, humidity, size of 
the area around the patient bed, and nurse/patient ratio on the 
infection rates in the ICU retrospectively, thereby contributing to 
the creation of new standards in the ICU.

MATERIALS AND METHODS
The infection rates and changes in environmental conditions in 
the ICU were examined retrospectively from January 2012 to June 
2014 in this study. Monthly average nurse number, bed number, 
patient count, the size of the area (m2) around each patient 
bed, and monthly mean temperature and humidity recorded in 
ICU rooms were determined. In the same months, the infection 
rates in the ICU: total infection rates, VRP rates, and CRUI rates 
were also recorded. The infection rates were determined using 
standard surveillance criteria among the infections observed 
after 2 days in the ICU.

The results were evaluated using SPSS 17.00 (SPSS, IL, USA), 
and a P value ≤0.05 was accepted as statistically significant. The 
relationships between the infection rates: total infection rates, 
VRP rates, and CRUI rates, and the nurse/patient ratio, size of the 
area around the patient bed, temperature, and humidity were 
investigated.

RESULTS
The relationships between the area around the patient bed, 
nurse/patient ratio, temperature, and humidity, and total 
infection rates, VRP rates, and CRUI rates are summarized in 
Table 1. The total infection rate, VRP rate, and catheter-related 
urinary tract infection rate were 7.67%, 14.53%, and 5.47%, 
respectively, in the ICU.

Statistical analysis  revealed no statistically significant relationship 
between the nurse/patient ratio and the infection rates. The area 
around the patient bed had a statistically significant negative 
correlation with total infection rate (P = 0.03), VRP rate (P 
= 0.03), and CRUI rate (P = 0.008). Despite no statistically 
significant relationship of other infections with temperature 
and humidity, only CRUI rate had a negative correlation with 
humidity (P = 0.001) (Table 2).

DISCUSSION
The number of nurses and environmental conditions affects the 
nosocomial infection rate in the ICU. Some authors reported that 
keeping not enough number of nurses increased the infection 
rate in the ICU (1,10). Determine the ideal nurse number for 
preventing nosocomial infections in the ICU is difficult. The 
patients’ clinical condition, the nurses’ certification to work in 
the ICU, and some other factors are effective (10,11). The nurses 
trained about the ICU procedures are in better accordance with 
the infection control procedures compared with others (11). 
A study showed that a nurse/patient ratio of more than 2.2 
decreased the infection rate by 30% in the ICU (10). The present 
study reported no statistically significant relationship between 
the infection rates and the nurse/patient ratio. The regulation 
about the nurse number working in the ICU is connected to the 
classification of the ICU in Turkey. If the ICU is a third degree, 
meant only for patients in a serious condition, it should have one 
nurse for every two patients in every shift. If the ICU is a second 

 Table 1: Relationship of nurse number, area around each bed, 
temperature, and humidity with nosocomial infection rates 
in the ICU.

Minimum Maximum Mean
Nurse/bed ratio 1.20 2.40 1.91

Area around patient 
bed (m2)

9.40 16.50 11.07

Temperature (°C) 21.40 30.25 23.62

Humidity (%) 29.95 42.11 36.13

Total infection rate 
(%)

0 38.46 7.67

VRP rate (%) 0 51.28 14.53

CRUI rate (%) 0 20.98 5.47
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degree, it should have one nurse for every three patients in every 
shift (12). The nurse/patient ratio reported in the present study 
was concordant with this regulation. This is the reason why no 
statistically significant relationship of the nurse/patient ratio 
with the infection rates was found in the study. Future studies 
should consider not only the number but also the characteristics 
of nurses working  in the ICU and investigate the quality factors 
affecting the nurse/patient ratio and infection rates, thus helping 
to establish new standards. 

The patients in the ICU are mostly in a bad clinical condition 
with numerous health problems and underlying diseases. Their 
thermoregulation system is not working well enough. The 
changes in the room temperature affect the body temperature 
directly in the ICU patients (13). Therefore, the temperature and 
humidity should be maintained within specified limits in the ICU 
(9). The CDC environmental infection control guidelines state 
that the temperature should be between 20°C and 24°C and the 
humidity should be between 30% to 60% at the hospitals (9). 
The present ICU regulations specify that the temperature should 
be kept 22°C–28°C and the humidity should be 30%–60 % (12). 
The prevalence of some of the gram-negative bacterial infections, 
such as Acinetobacter spp., increases in the hot weather (14,15). 
Gram-negative bacteria infections are the problematic infections 
in the ICU because of their increasing resistance to antibiotics 
(3,16). The present study found no relationship of temperature 
and humidity with the infection rates. The humidity was within 
limits, and the temperature exceeded the limits only for a short 
time. No major differences in these measurements were found. 

This was the reason why a relationship of temperature and 
humidity with the infection rates was not found. A statistically 
significant relationship was observed between humidity and 
catheter-related urinary tract infection rate in the present 
study. Few studies determined the relationship of increasing 
temperature and humidity with the nosocomial urinary tract 
infection caused by Pseudomonas aeruginosa. Some other 
studies linked urinary tract infections with high temperature and 
low humidity (17,18,19). The relationship between humidity 
and urinary tract infection needs to be further investigated 
before reaching any definite conclusions. 

The design of the ICU, having enough isolation rooms, area for 
each patient, and number of patients sharing the same room are 
related to the nosocomial infection rate (5,6,8). The area around 
the patient bed has a number of microorganisms (19). Therefore, 
the design of the room and the number of patient beds and 
surfaces in the room are important factors for infection control 
(20). An ideal ICU should have at least an area of 20 m2 with a 
single bed (6). The regulations about ICU beds specify at least 
12 m2 for each bed and at least 1.5-m distance between the 
two beds (12). The present study reported a negative correlation 
between the infection rates in the ICU and the size of the patient 
bed. This is thought to be an important finding. Because of an 
increasing demand of ICU beds, accepting more patients in ICU 
rooms might cause an increase in infection rates. Even if it is 
difficult to provide the ideal conditions, the compliance to the 
standards is important. At least the regulations related to the 
ideal conditions should not be disregarded (6,12).

 Table 2: The relationship of monthly infection rates with the nurse/patient ratio, area around each bed, temperature, and humidity 
in the ICU.

 ICU infections VIP CRUI
Nurse/bed ratio Correlation coefficient –0.077 0.152 –0.158

P 0.685 0.424 0.404

Area around bed (m2) Correlation coefficient –0.396 –0.397 –0.474
P 0.030 0.030 0.008

Temperature Correlation coefficient 0.103 0.044 0.284
P 0.587 0.819 0.128

Humidity Correlation coefficient –0.217 –0.189 –0.584
P 0.250 0.317 0.001
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Although the present study did not find any statistically 
significant relationship with the infection rates, it is still believed 
that the number and qualification of the nurses working in 
the ICU are important in preventing nosocomial infections. 
Beside the standard number, qualification standards should 
also be established. The distance between the patient beds 
is important for infecton control. Hence, designing an ICU has 
increasing importance. Temperature and humidity can affect 
the nosocomial infection rates. Further studies are needed to 
investigate the exact relationship of internal and external factors 
with nosocomial infections in the ICU.
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