
Indian Journal of Microbiology Research 2024;11(4):297–304

 

 

Content available at: https://www.ipinnovative.com/open-access-journals

Indian Journal of Microbiology Research

Journal homepage: https://www.ijmronline.org/  

 

Original Research Article

Surge of healthcare associated infections in COVID intensive care units

Sarumathi Dhandapani1, Bharathikumar S2, Benedict Vinothini A3,
Stessy Ann Punnen2, Ketan Priyadarshi4*, Apurba S Sastry3

1Dept. of Microbiology, Sri Devaraj Urs Medical College, Kolar, Karnataka, India
2Jawaharlal Institute of Postgraduate Medical Education and Research, Puducherry, India
3Dept. of Microbiology, Jawaharlal Institute of Postgraduate Medical Education and Research, Puducherry, India
4Dept. of Microbiology, All India Institute of Medical Sciences, Patna, Bihar, India

 

 

A R T I C L E I N F O

Article history:
Received 17-08-2024
Accepted 03-10-2024
Available online 09-12-2024

Keywords:
Central line associated bloodstream
infections (CLABSI)
Hospital acquired infections (HAIs)
Catheter associated urinary tract
infection (CAUTI)
Surgical site infections (SSI)
Ventilator associated event (VAE)
COVID

A B S T R A C T

Background: Healthcare-associated infection played a vital role in determining the patient’s outcome
during the COVID pandemic. However, the data on HAI rates is largely unavailable in COVID locations.
This is because conducting HAI surveillance inside COVID ICUs is a big challenge. Therefore, we
conducted this unique quality improvement study which aims at comparing the trends of HAI rates in
COVID and non-COVID ICUs during the ongoing pandemic.
Aim and Objective: The aim of the study was to compare the HAI rates in COVID and non COVID ICUs
with the baseline HAI rates in pre COVID era.
Materials and Methods: The HAI surveillance was carried out during April 2020-December 2020 in the
COVID ICUs (test group) and non-COVID ICUs (control group) and compared with ICUs from January
2019 to March 2020 (pre COVID baseline group). Then HAI data was analysed and the HAI rates were
calculated based on national healthcare safety network guidelines.
Results: Overall, the HAI rates were higher in COVID time in comparison to pre COVID time. During the
COVID period, higher HAI rates were seen in the COVID ICUs than in the non COVID ICUs. CLABSI
rate had the highest occurrence followed by VAE, CAUTI, and SSI.
Conclusion: Higher HAI rates in COVID time indicates that there is need of serious infection control
intervention thereby reducing the HAIs associated in COVID patients. Strict compliance to hand hygiene
and other transmission-based precautions are to be followed in order to enhance the overall safety of
patients.
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Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

SARS-CoV-2, a novel strain of Coronavirus emerged in
Wuhan, China, infected people of almost all age groups,
alarmingly spread to various parts of world thereby making
it a major health threat and subsequently declared as
global pandemic by WHO.1,2 It had a significant impact
on people both in terms of health and economy.3 Also,
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healthcare settings experienced a major crisis in terms
of providing appropriate diagnosis and treatment of non
COVID associated conditions.4,5 In addition to this HAIs in
COVID infected individuals also significantly affected the
favorable outcome in the treatment of patients. Secondary
bacterial infections are common as a sequel of respiratory
viruses, and they act a major concern in management of
patients with viral infections.6

Hospital Acquired Infections (HAIs) or nosocomial
infections are a major adverse effect associated with
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treatment of patients and has a profound impact in patient
safety.7 HAIs are defined as an infection that occurs after 48
hours of admission and patient shouldn’t be incubating for
that infection at the time admission.8 This may be attributed
to prolonged hospital stay and use of hospital devices that
pave a way for microorganisms to enter and infect the
host. The most common HAIs are central line associated
bloodstream infections (CLABSI), ventilator associated
event (VAE), catheter associated urinary tract infection
(CAUTI), and surgical site infections (SSI). HAIs are
commonly associated with Multidrug Resistant Organisms
(MDROs). The so called ESKAPE pathogens are attributed
as common etiologic agents even though other agents like
Escherichia coli, Candida, Clostridioides difficile etc. are
also encountered.9

After the advent of COVID 19, it had profoundly
influenced people of all sectors about the importance of
hand hygiene and other transmission based precautions
as they are simple and effective way of interrupting the
transmission chain.10 In spite of this, an overall increase
in HAI rates have been observed. According to CDC, all
HAI rates were drastically increased and the occurrence
of Ventilator-associated pneumonia (VAP) also elevated
during all the quarters of 2021. It also revealed increased
occurrence of methicillin resistant Staphylococcus aureus
(MRSA) and other MDROs. But a decline in hospital
associated Clostridioides difficile infection was seen as
there was an increased compliance to hand hygiene.11 This
implies the need of strong surveillance for HAIs in ICUs
during the COVID period thereby helping us to implement
appropriate intervention measures during the pandemic.
However, conducting HAI surveillance inside COVID ICUs
is a big challenge as it requires physical visit of personnel
conducting surveillance inside the COVID ICUs. This is
the reason why there is paucity of literature available on
studying the HAI rates in COVID ICU and comparing with
non-COVID ICUs. With this background, we conducted this
unique quality improvement study which aims at comparing
the trends of HAI rates in COVID and non COVID ICUs
during the ongoing pandemic.

2. Materials and Methods

2.1. Study design and population

The study was a prospective, single centered cohort
surveillance study, conducted at a large-scale tertiary care
hospital located in South India. The study was carried out in
300 bedded multiple intensive care units (ICUs) of various
departments covering various alliances of medicine and
surgery from a tertiary health care center in South India.
The surveillance was carried out in three groups over 2-time
frames for the sake of comparative analysis.

1. COVID group (includes the COVID ICUs during the
pandemic, i.e. April 2020 to December 2021): This is

a test group, which provided the HAI rates in COVID
ICU locations during the pandemic.

2. Non-COVID group (includes the non-COVID ICUs
during the pandemic, i.e. April 2020 to December
2021): This acts as a control group, which provided
the HAI rates in non-COVID ICU locations during the
pandemic.

3. Pre COVID group (includes the ICUs from January
2019 to March 2020): This acts as a group which
provided the base line HAI rates.

2.2. Methodology

The study intended to assess various HAI rates. The
terminologies implicated in calculating and comparing of
the test and control groups for various HAIs are VAE rate,
CLABSI rate, CAUTI rate and SSI rate. The VAE, CLABSI,
CAUTI and SSI rates are calculated as, per 1000 ventilator
days, per 1000 central line days, per 1000 catheter days and
per 100 surgeries respectively (Table 1 ), as CDC’s National
Healthcare Safety Network.12,13The HAI surveillance was
performed by trained infection control nurses (ICNs) of
hospital infection prevention and control (HICP) unit, as
a part of their routine protocol. They used to visit the
surveillance locations daily and collect clinical data and
culture reports prospectively of patients on medical devices
(e.g. urinary catheter, central line or ventilator) or post-
operative surgical site wound care to establish the diagnosis
of HAI criteria (Table 1). Two types of forms were used
to collect the data of HAI surveillance. A numerator form
or a structured HAI surveillance proforma was used to
record both clinical and microbiological information that
are required to satisfy the criteria of HAI. A denominator
form (also called ‘daily appraisal form’) was used to collect
the data required for the denominator for determining HAI
rates such number of days on medical devices and number
of surgeries performed etc. Finally, the data collected
were entered in an excel sheet and analyzed to calculate
these four HAI rates. Subsequently, the monthly report
of the location wise data was generated which was then
cumulatively analyzed over the defined time frame. The
same protocol is followed in all the ICU locations over all
the two-time frames. However, the ICNs used to strictly
adhere to the COVID personal protective equipment (PPE)
protocol during their visit into the COVID ICUs along with
appropriate donning and doffing protocols.13 The statistical
analysis was done using SPSS version 27 software (IBM-
SPSS Inc, Armonk, NY).

3. Results

The overall prevalence of HAI rates in COVID, non-COVID
and pre-COVID groups has been depicted in Figure 1. All
the four types of HAI rates were found to be higher in
COVID ICUs, followed by the control (non-COVID ICUs)
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Table 1: Formula used for the calculation of various HAI
rates12,13

Terminologies Formulae
VAE rate Number of VAE cases/total number of

ventilator days×1000
CLABSI rate Number of CLABSI cases/total number

of central line days×1000
CAUTI rate Number of CAUTI cases/total number of

catheter days×1000
SSI rate Number of SSI/number of surgeries

done×100

CLABSI: Central line associated bloodstream infections; VAE: Ventilator
associated event; CAUTI: Catheter associated urinary tract infection; SSI:
Ssurgical site infections

and baseline (pre-COVID) groups. Of those, CLABSI rate
was 31.09 (137/4407) per 1000 central line days, being
the highest in COVID group. VAE rate was found to be
28.01 (103/3677) per 1000 ventilator days and CAUTI rate
was 5.14 (36/7007) per 1000 catheter days in the COVID
group—higher than that of non-COVID and pre-COVID
locations. The SSI rate in COVID group was found to be
4.82% (4/83), which had only a minor fall when compared
to the control and baseline groups. Figure 2 shows the
quarterly trend analysis of CLABSI rates in COVID and
non-COVID ICUs. The highest CLABSI rate in COVID
ICUs was seen during the period of October-December 2020
and during April-June 2021 due to the increased number
of admissions of COVID infected patients. A fall was
observed during the period of January 2021 to March 2021
in COVID ICUs which may be attributed to the reduced
number of patient admissions whereas the patient admission
was almost uniform in all non-COVID ICUs during the
entire time period. Figure 3 depicts the trend of VAE rates
in COVID and non-COVID control groups. High VAE rates
were seen in COVID ICU group in comparison to non-
COVID ICUs. The VAE started to decline over the period
of October 2021 - December 2021 in COVID ICUs. The
trend in non-COVID ICUs was stable during the entire time
period. Figure 4 represents the CAUTI rate in COVID and
non-COVID control groups. The CAUTI rates were higher
in COVID ICUs than in non-COVID ICUs. Here also a
similar decline was seen during the period of October 2021
to December 2021 in COVID ICUs due to reduced number
of COVID cases admitted at that point. Figure 5 shows
the SSI rate in COVID and non-COVID control groups the
quarterly trend of SSI rates in the COVID was found to be
similar to that of non-COVID ICUs, except that there was
a peak seen during the period of January-March 2021 in
COVID ICUs.

4. Discussion

HAIs are common consequences in critically ill bedridden
patients. The occurrence of HAI in COVID patients

complicated the situation more in addition to the ongoing
pandemic. The major outcome of our study was that the
three important HAI rates (CLABSI, VAE and CAUTI)
were high in COVID ICUs than in non COVID patients
and the pre COVID era and the differences among the HAI
rates between COVID vs. non-COVID; and COVID vs. pre-
COVID groups were found to be statistically significant
(p <0.05). In concordant to our result, there were several
studies which reported similar finding of the increase
in HAI rates between COVID and non-COVID groups
ranging from 7.2% to 46%. All these studies described
that COVID infected individuals had secondary bacterial of
fungal infections predisposing them to use of mechanical
devices, which led to HAI.14–18

Of the HAI rate we have analyzed in COVID ICUs,
the highest HAI rate reported was CLABSI rate – 31.09
(137/4407). The main reason for this can be attributed to
the high incidence of secondary bacteremia or candidemia
in these group of patients. As a result, a central line was
needed to administer intravenous antibiotics or antifungals
which in turn led them to acquire nosocomial infections.
A meta-analysis proposed by Langford et al. illustrated
that bacterial coinfections were more common in COVID
infected patients than in non COVID infected patients.19

Previous studies done by Lansbury et al. and Buetti et
al showed increase rates of CLABSI due to bacterial
super infection.20,21 The primary reason proposed for
this is the increased use of immunomodulatory therapies
(monoclonal antibodies) in COVID 19 such as tocilizumab
etc. A randomized control trial by Somers et al. showed
patients on treatment with tocilizumab had high incidence
of CLABSI rates.22 But other two studies by Salvarani
et al. and Hermine et al. showed no association between
usage of tocilizumab and bloodstream infections in spite
of CLABSI rates being higher.23,24 Other possible causes
can be due to the gastrointestinal manifestations associated
with COVID 19 led to mucosal breach and involvement
of normal GI flora in blood stream of patients resulting
in sepsis.25,26 Another possible reason is the due to the
immunosuppressive nature of SARS-CoV-2, an immune
dysregulation happens which is mediated by increased
production pro-inflammatory cytokines like IL-6 which in
turn leads to CD4 and B cell lymphopenia.27 Also, due
to overload of patients more than the normal capacity, the
strict adherence to care bundle may not be followed while
administering central line and there was also a delay or
demand in the procurement of PPE as the logistics were
severely affected during COVID period. HCWs were found
to don gloves continuously in COVID ICUs resulting in
poor compliance to hand hygiene in between the patients,
which could have been the main factor responsible for
increased HAI rates in COVID locations.28,29

VAE rates were the second highest HAI in COVID
ICUs in our study 28.01 (103/3667). The VAE rate in
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Figure 1: Prevalence of healthcare associated infections in COVID and non-COVID ICUs in comparison with Pre COVID era Note, the
blue colored bar graph depicts the HAI rates during the pre COVID period of January 2019 - March 2020. The orange-colored bar graph
depicts the HAI rates in the non COVID ICUs during the period of April 2020 - December 2021. The grey-colored bar graph depicts the
HAI rates in the COVID ICUs during the period of April 2020 - December 2021.

Figure 2: Trend analysis (quarterly) of CLABSI rates COVID-19 and non-COVID control groups

COVID ICUs was found to be higher than in non-COVID
and pre-COVID groups (statistically significant, p<0.05).
In comparison to non-COVID ICUs, the increase in VAE
rate can be accounted for increased need of mechanical
ventilation in COVID ICUs. Also, a decline was noticed
during the period of October- December 2021 in COVID
ICUs which could be due to the reduced admission of
COVID infected patients at that point. Being a respiratory
virus, SARS-CoV-2 has various mechanisms that lead
to respiratory distress such as reduced lung parenchyma
compliance, impaired alveolar gaseous exchange and
exaggerated host immune response that leads to respiratory

epithelial damage etc. which predisposes to the need of
mechanical ventilation.30 COVID patients required more
time of mechanical ventilation in comparison to patients
with other ailments as it is primarily a respiratory illness.
Prolonged time and increased need of ventilator makes
COVID patients liable to acquire VAP. A similar finding
was seen in some studies where the same reason is defined
for increased VAE rate.31–33 Other host factors such as age,
related co-morbidities can also contribute to this. This can
be overcome by deciding the absolute need of mechanical
ventilation only when it is indicated and following all steps
of care bundle to overcome the increased VAE rates.32
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Figure 3: Trend analysis (quarterly) of VAE rates COVID-19 and non-COVID control groups

Figure 4: Trend analysis (quarterly) of CAUTI rates COVID-19 and non-COVID control groups

Figure 5: Trend analysis (quarterly) of SSI rates COVID-19 and non-COVID control groups
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CAUTI rate was also found to be increased in
COVID ICUs than in non-COVID and pre-COVID ICUs
(statistically significant, p<0.05). The increased rate may be
due to the fact that most of critically ill COVID infected
patients were either with central line or under ventilator
making them a strain to move. As a result, they were
catheterized for voiding. This led them to acquire CAUTI
and increased the CAUTI rate. A similar finding was
noted by Hyte et al. where there was an increased rate
of CAUTI in COVID. In the surge of COVID, due to
short staffing, a person from non-critical area is forced to
work in a critical care area where the person is poorly
trained which can lead to poor adherence to care bundle and
transmission-based precautions.28 But many other studies
showed contraindicating outcomes, where there was a
decline in CAUTI rate during the COVID time.34–37 Even
though the reasons for this is not clear various possibilities
are proposed. The COVID infected patients were receiving
high doses of antibiotics for their secondary bacterial
infections which would have obscured the occurrence of
CAUTI.34,38 Screening of urine samples were not regularly
done to cut down the possibility of acquiring SARS-CoV-
2.34

SSI had only a minor decrease in the rate in COVID
patients in comparison to non-COVID and pre-COVID
patients (statistically insignificant, p>0.05).

In contrast to other HAI indicators, the SSI had a
different course of trend. The SSI rate between COVID,
non-COVID and pre-COVID groups were found to be
similar, with a slightly higher SSI rate in non-COVID
group (statistically insignificant, p>0.05). The primary
reason could be due to reduced intake of elective surgical
procedures during the COVID time and lesser requirement
of COVID patients for any surgical intervention. In contrast,
the non-COVID locations were found to carry out a higher
number of surgeries, and therefore were more prone to
develop SSI. A similar finding was noted in some studies
where they proposed that strict adherence to pre and
perioperative surgical precautions has led to decreased SSI
rates.39–42 On the other hand, certain studies showed zero
correlation between the occurrence of SSI and COVID.43–45

A peak in SSI rate in COVID group was seen during
January-March 2021, which may not be significant as the
sample size as too low (1 SSI out of four surgeries) to arrive
at a meaningful comparison.

Overall, our study demonstrated an increase in rates of
nosocomial infections in COVID infected individuals in
comparison with non-COVID and pre-COVID groups. The
reasons contributing for increase in HAIs were prolonged
hospital stay, increased need of medical devices in treatment
of COVID patients, immune status of COVID infected
individuals and the level of adherence to care bundle
and hand hygiene. This study shows a paradoxical effect
between importances of hand hygiene, other transmission-

based precautions and COVID 19. A minor decrease in SSI
rate may not be significant because of reduced number of
elective surgeries during COVID time.

5. Conclusion

Overall, the study revealed an overall increase in the HAIs
rates especially with CLABSI during the COVID time.
Although there was an increased knowledge and compliance
towards hand hygiene and other precautions in the fear
of COVID, the HAI rates continued to rise. The only
beneficial outcome during this period was a reduction in
the SSI rates due to strict adherence to surgical precautions.
Further studies can be done to evaluate the etiological agents
involved in HAIs which gives a better idea for deciding
pathogen-directed control measures in the future. Hence
serious surveillance for HAIs to be done routinely and
adherence to care bundle is to be strictly monitored to
overcome this.

6. Source of Funding

None.

7. Conflict of Interest

None.

References
1. WHO. Timeline: WHO’s COVID-19 response. Geneva: World Health

Organization. Available from: https://www.who.int/emergencies/
diseases/novel-coronavirus-2019/interactive-timeline.

2. Weekly epidemiological update on COVID-19. Geneva: WHO; 25
May 2021.

3. Bell D, Comas-Herrera A, Henderson D, Jones S, Lemmon E, Moro
M, et al.. COVID-19 mortality and long-term care: a UK comparison;
2020. Available from: https://ltccovid.org/wp-content/uploads/2020/
08/COVID-19-mortality-in-long-term-care-final-Sat-29-v1.pdf.

4. WHO. Attacks on health care in the context of COVID-
19. Geneva: WHO; 30 July 2020. Available from:
https://www.who.int/news-room/feature-stories/detail/attacks-on-
health-care-in-the-context-of-covid-19.

5. WHO. COVID-19 significantly impacts health services for
noncommunicable diseases. Geneva: World Health Organization;
1 June 2020. . Available from: https://www.who.int/news/item/
01-06-2020-covid-19-significantly-impacts-health-services-for-
noncommunicable-diseases.

6. Rawson TM, Moore LS, Zhu N, Ranganathan N, Skolimowska
K, Gilchrist M, et al. Bacterial and Fungal Coinfection in
Individuals With Coronavirus: A Rapid Review To Support COVID-
19 Antimicrobial Prescribing. Clin Infect Dis. 2020;71(9):2459–68.

7. Sikora A, Zahra F. Nosocomial Infections. StatPearls [Internet].
Treasure Island: StatPearls Publishing; 2023.

8. World Health Organization. Guidelines on core components of
infection prevention and control programmes at the national and acute
health care facility level. Geneva: World Health Organization; 2016.
Available from: https://iris.who.int/handle/10665/251730.

9. Santajit S, Indrawattana N. Mechanisms of antimicrobial resistance in
ESKAPE pathogens. Biomed Res Int. 2016;2016(1):2475067.

10. Alahdal AM, Alsada SA, Alrashed HA, Bazroun LIA, Alshoaibi A.
Impact of the COVID-19 pandemic on levels of device-associated
infections and hand hygiene compliance. Cureus. 2022;14(4):e24254.

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline
https://ltccovid.org/wp-content/uploads/2020/08/COVID-19-mortality-in-long-term-care-final-Sat-29-v1.pdf
https://ltccovid.org/wp-content/uploads/2020/08/COVID-19-mortality-in-long-term-care-final-Sat-29-v1.pdf
https://www.who.int/news-room/feature-stories/detail/attacks-on-health-care-in-the-context-of-covid-19
https://www.who.int/news-room/feature-stories/detail/attacks-on-health-care-in-the-context-of-covid-19
https://www.who.int/news/item/01-06-2020-covid-19-significantly-impacts-health-services-for-noncommunicable-diseases
https://www.who.int/news/item/01-06-2020-covid-19-significantly-impacts-health-services-for-noncommunicable-diseases
https://www.who.int/news/item/01-06-2020-covid-19-significantly-impacts-health-services-for-noncommunicable-diseases
https://iris.who.int/handle/10665/251730


Dhandapani et al. / Indian Journal of Microbiology Research 2024;11(4):297–304 303

11. Weiner-Lastinger LM, Pattabiraman V, Konnor RY, Patel PR, Wong
E, Xu SY, et al. The impact of coronavirus disease 2019 (COVID-
19) on healthcare-associated infections in 2020: A summary of data
reported to the National Healthcare Safety Network. Infect Control
Hosp Epidemiol. 2022;43(1):12–25.

12. Centers for Disease Control and Prevention. National Healthcare
Safety Network (NHSN) Overview. United States: Centers for Disease
Control and Prevention; 2024. Available from: https://www.cdc.gov/
nhsn/pdfs/pscmanual/pcsmanual_current.pdf.

13. Centers for Disease Control and Prevention. Identifying Healthcare-
associated Infections (HAI) for NHSN Surveillance. United States:
Centers for Disease Control and Prevention; 2024. Available from:
https://www.cdc.gov/nhsn/pdfs/pscmanual/2psc_identifyinghais_
nhsncurrent.pdf.

14. Ong CCH, Farhanah S, Linn KZ, Tang YW, Poon CY, Lim AY,
et al. Nosocomial infections among COVID-19 patients: an analysis of
intensive care unit surveillance data. Antimicrob Resist Infect Control.
2021;10(1):119.

15. Halverson T, Mikolajczak A, Mora N, Silkaitis C, Stout S. Impact
of COVID-19 on hospital acquired infections. Am J Infect Control.
2022;50(7):831–33.

16. Baker MA, Sands K, Huang SS, Kleinman K, Septimus E, Varma N.
The Impact of Coronavirus Disease 2019 (COVID-19) on Healthcare-
Associated Infections. Clin Infect Dis. 2022;74(10):1748–54.

17. Bardi T, Pintado V, Gomez-Rojo M, Escudero-Sanchez R, Lopez AZ,
Diez-Remesal Y, et al. Nosocomial infections associated to COVID-
19 in the intensive care unit: clinical characteristics and outcome. Eur
J Clin Microbiol Infect Dis. 2021;40(3):495–502.

18. Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli
A, et al. Baseline Characteristics and Outcomes of 1591 Patients
Infected With SARS-CoV-2 Admitted to ICUs of the Lombardy
Region, Italy. JAMA. 2020;323(16):1574–81.

19. Langford BJ, So M, Raybardhan S, Leung V, Westwood D, Macfadden
DR, et al. Bacterial co-infection and secondary infection in patients
with COVID-19: a living rapid review and meta-analysis. Clin
Microbiol Infect. 2020;26(12):1622–9.

20. Lansbury L, Lim B, Baskaran V, Lim WS. Co-infections in people
with COVID-19: a systematic review and meta-analysis. J Infect.
2020;81(2):266–75.

21. Buetti N, Ruckly S, DeMontmollin E, Reignier J, Terzi N, Cohen
Y, et al. COVID-19 increased the risk of ICU-acquired bloodstream
infections: a case-cohort study from the multicentric OUTCOMEREA
network. Intensive Care Med. 2021;47(2):180–7.

22. Somers EC, Eschenauer GA, Troost JP, Golob JL, Gandhi TN, Wang
L, et al. Tocilizumab for treatment of mechanically ventilated patients
with COVID-19. Clin Infect Dis. 2021;73(2):445–54.

23. Salvarani C, Dolci G, Massari M, Merlo DF, Cavuto S, Savoldi L, et al.
Effect of tocilizumab vs standard care on clinical worsening in patients
hospitalized with COVID-19 pneumonia: a randomized clinical trial.
JAMA Intern Med. 2021;181(1):24–31.

24. Hermine O, Mariette X, Tharaux PL, Resche-Rigon M, Porcher R,
Ravaud P, et al. Effect of tocilizumab vs usual care in adults
hospitalized with COVID-19 and moderate or severe pneumonia: a
randomized clinical trial. JAMA Intern Med. 2021;181(1):32–40.

25. Leung WK, To KF, Chan PK, Chan HL, Wu AK, Lee N, et al.
Enteric involvement of severe acute respiratory syndrome-associated
coronavirus infection. Gastroenterology. 2003;125(4):1011–7.

26. Cheung KS, Hung IF, Chan PP, Lung KC, Tso E, Liu R, et al.
Gastrointestinal manifestations of SARS-CoV-2 infection and virus
load in fecal samples from a Hong Kong cohort: systematic review
and meta-analysis. Gastroenterology. 2020;159(1):81–95.

27. Giamarellos-Bourboulis EJ, Netea MG, Rovina N, Akinosoglou K,
Antoniadou A, Antonakos N, et al. Complex immune dysregulation in
COVID-19 patients with severe respiratory failure. Cell Host Microbe.
2020;27(6):992–1000.

28. Hyte M, Clark C, Pandey R, Redden D, Roderick M, Brock K. How
COVID-19 impacted CAUTI and CLABSI rates in Alabama. Am J
Infect Control. 2024;52(2):147–51.

29. Cohen J, Rodgers Y. Contributing factors to personal protective
equipment shortages during the COVID-19 pandemic. Prev Med.
2020;141:106263.

30. Swenson KE, Swenson ER. Pathophysiology of acute respiratory
distress syndrome and COVID-19 lung injury. Crit Care Clin.
2021;37(4):749–76.

31. Weinberger J, Rhee C, Klompas M. Incidence, characteristics,
and outcomes of ventilator-associated events during the COVID-19
pandemic. Ann Am Thorac Soc. 2022;19(1):82–9.

32. King CS, Sahjwani D, Brown AW, Feroz S, Cameron P, Osborn E,
et al. Outcomes of mechanically ventilated patients with COVID-19
associated respiratory failure. PLoS One. 2020;15(11):e0242651.

33. Botta M, Tsonas AM, Pillay J, Boers LS, Algera AG, Bos LD, et al.
Ventilation management and clinical outcomes in invasively ventilated
patients with COVID-19 (PRoVENT-COVID): a national, multicentre,
observational cohort study. Lancet Respir Med. 2021;9(2):139–48.

34. Fakih MG, Bufalino A, Sturm L, Huang RH, Ottenbacher A,
Saake K, et al. Coronavirus disease 2019 (COVID-19) pandemic,
central-line-associated bloodstream infection (CLABSI), and catheter-
associated urinary tract infection (CAUTI): the urgent need to refocus
on hardwiring prevention efforts. Infect Control Hosp Epidemiol.
2022;43(1):26–31.

35. Rosenthal VD, Myatra SN, Divatia JV, Biswas S, Shrivastava A,
Al-Ruzzieh MA, et al. The impact of COVID-19 on health care-
associated infections in intensive care units in low- and middle-income
countries: International Nosocomial Infection Control Consortium
(INICC) findings. Int J Infect Dis. 2022;118:83–8.

36. Geffers C, Schwab F, Behnke M, Gastmeier P. No increase of device
associated infections in German intensive care units during the start of
the COVID-19 pandemic in 2020. Antimicrob Resist Infect Control.
2022;11(1):67.

37. Alsaffar MJ, Alsheddi FM, Humayun T, Aldalbehi FZ, Alshammari
WH, Aldecoa YS, et al. Impact of COVID-19 pandemic on the
rates of central line... associated bloodstream infection and catheter-
associated urinary tract infection in an. ßintensive care setting:.
ßNational experience. Am J Infect Control. 2023;51(10):1108–13.

38. Fukushige M, Ngo NH, Lukmanto D, Fukuda S, Ohneda O. Effect
of the COVID-19 pandemic on antibiotic consumption: a systematic
review comparing 2019 and 2020 data. Front Public Health.
2022;10:946077.

39. Smith BB, Bosch W, O’Horo JC, Girardo ME, Bolton PB, Murray
AW, et al. Surgical site infections during the COVID-19 era:
A retrospective, multicenter analysis. Am J Infect Control.
2023;51(6):607–11.

40. Chacón-Quesada T, Rohde V, Brelie CVD. Less surgical site
infections in neurosurgery during COVID-19 times-one potential
benefit of the pandemic? Neurosurg Rev. 2021;44(6):3421–5.

41. Losurdo P, Paiano L, Samardzic N, Germani P, Bernardi L, Borelli M,
et al. Impact of lockdown for SARS-CoV-2 (COVID-19) on surgical
site infection rates: a monocentric observational cohort study. Updates
Surg. 2020;72(4):1263–71.

42. Mulita F, Liolis E, Tchabashvili L, Vailas M, Akinosoglou K,
Assimakopoulos S, et al. 1630P The impact of the COVID-19
outbreak on surgical site infections in elective colorectal cancer
surgery: one potential benefit of the pandemic. Ann Oncol.
2021;32:S1156.

43. Liou V, Yoon M. Comparative Incidence of Periocular Surgical Site
Infections with Increased Surgical Mask Use during the COVID-19
Pandemic. Ocul Immunol Inflamm. 2022;30(7-8):1913–8.

44. Zeng H, Li G, Weng J, Xiong A, Xu C, Yang Y, et al. The strategies
of perioperative management in orthopedic department during the
pandemic of COVID-19. Journal of orthopaedic surgery and research.
2020;15:1–9.

45. Unterfrauner I, Hruby LA, Jans P, Steinwender L, Farshad M, Uçkay
I, et al. Impact of a total lockdown for pandemic SARS-CoV-2
(Covid-19) on deep surgical site infections and other complications
after orthopedic surgery: a retrospective analysis. Antimicrob Resist
Infect Control. 2021;10(1):112.

https://www.cdc.gov/nhsn/pdfs/pscmanual/pcsmanual_current.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/pcsmanual_current.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/2psc_identifyinghais_nhsncurrent.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/2psc_identifyinghais_nhsncurrent.pdf


304 Dhandapani et al. / Indian Journal of Microbiology Research 2024;11(4):297–304

Author’s biography

Sarumathi Dhandapani, Assistant Professor

Bharathikumar S, Project Officer

Benedict Vinothini A, Senior Resident

Stessy Ann Punnen, Ex-Project Ofiicer

Ketan Priyadarshi, Assistant Professor

Apurba S Sastry, Additional Professor

Cite this article: Dhandapani S, Bharathikumar S, Vinothini A B,
Punnen SA, Priyadarshi K, Sastry AS. Surge of healthcare associated
infections in COVID intensive care units. Indian J Microbiol Res
2024;11(4):297-304.


	Introduction
	Materials and Methods
	 Study design and population
	Methodology

	Results
	Discussion
	Conclusion
	Source of Funding
	Conflict of Interest

