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Abstract

:

Background: Starting on 31 December 2019, from Wuhan City, China, Coronavirus disease 2019 (COVID-19) caused a global pandemic by 11 March 2020. Bangladesh detected its first case on 8 March 2020, only 66 days later the detection of the first case in China. We aimed to describe the epidemiology, clinical features, laboratory characteristics, and outcomes of Bangladeshi COVID-19 patients. Methods: This retrospective chart analysis compared Bangladeshi COVID-19 patients with hypoxemia compared to those without hypoxemia treated in a makeshift COVID-19 unit of icddr,b. Results: By March 2021, 207 remained in-patient. Nineteen patients (9.2%) died, whereas 10 (4.8%) were referred to different facilities for definitive care. Out of 207 in-patients, 88 patients required oxygen therapy. Multivariable logistic regression identified age (1.07 (1.02–1.13)), dyspnea (3.56 (1.06–11.96)), high CRP (1.13 (1.03–1.25)), and lymphopenia (6.18 (1.81–21.10)) as the independent predictors for hypoxemia in patients hospitalized for COVID 19 (for all, p < 0.05). Conclusion: Older age, dyspnea, high CRP, and lymphopenia are simple, but important, clinical and laboratory parameters. These may help clinicians to identify COVID-19 patients early who are at risk of fatal hypoxemia. Close monitoring, and prompt and aggressive treatment of these patients would curb their morbidity and mortality, especially in resource-limited settings.
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1. Introduction


Starting from Wuhan City, China, 2019-nCoV caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), later known as Coronavirus disease 2019 (COVID-19), affects millions of people throughout the world. WHO declared COVID-19 a global pandemic on 11 March 2020 [1]. As of 4 May 2022, COVID-19 infected over 512.6 million individuals worldwide, and has resulted in over 6.2 million deaths. Two-hundred and twenty-six countries have reported laboratory-confirmed cases of COVID-19 [2]. Bangladesh detected its first case on 8 March 2020, only 66 days after the first cases detected in China on 31 December 2019 [3]. Following exposure, symptoms of fever, cough, shortness of breath (SOB), myalgia, headache, sore throat, nausea, vomiting or diarrhea, and loss of taste or smell [4] develop between 2 days to 2 weeks. COVID-19 has a varied presentation, from mild symptoms to severe illness leading to fatality, and many patients remain asymptomatic throughout the disease course [4]. Transmission occurs mainly through close contact via respiratory droplets [5,6]. As a developing country with a GDP (per capita) of 2064 USD, Bangladesh is also struggling with its limited resources. Different government and non-government organizations came forward to fight against COVID-19. By April 2021, Bangladesh faced 11,450 deaths, with 7 million COVID-19-infected cases [3]. The International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b), one of the reputed research organizations in Bangladesh, also felt the need to fight against COVID-19 by providing clinical services to COVID-19-affected patients. In its premises, icddr,b Dhaka hospital set up a makeshift hospital to fight against COVID-19 in March 2020. They developed a management guideline based on national and international guidelines [5,6], and trained their staff on infection prevention and control, and clinical case management. The aim of this study was to describe the epidemiology, clinical features, laboratory characteristics, and clinical outcomes of all PCR-confirmed COVID-19 Bangladeshi patients managed in the icddr,b makeshift COVID-19 unit.




2. Materials and Methods


Study design: This is a retrospective chart analysis of all COVID-19 cases managed between April 2020 to March 2021 in a makeshift unit of icddr,b Dhaka hospital dedicated to COVID-19.



Study site: icddr,b Dhaka hospital is the largest diarrheal hospital in the world. Here, about 150,000 patients are managed each year. At the beginning of the COVID-19 crisis in Bangladesh, they came forward and established a makeshift hospital to fight against COVID-19 in March 2020. A well-organized triage, an isolation unit, and 10 bedded COVID tents were prepared for patient care. This COVID-19 unit has facilities for intensive monitoring (cardiac and respiratory support) of patients with three high-flow nasal cannula (HFNC), two mechanical ventilators (MV), and five cardiac monitors with adequate syringe-pumps and infusion pumps. A dedicated management team was formed by physicians, nurses, and health assistants trained in critical medicine, and headed by an intensivist physician and scientist, and led by the senior director of the division. The team reviewed each case daily, and updated the management plan accordingly.



2.1. Operational Definition


	(A)

	
Clinical category of COVID-19 [5,6]







Mild case: Patient having an influenza-like illness with mild symptoms, for example, fever, cough, malaise, headache, sore throat, muscle pain without dyspnea, or abnormal imaging.



Moderate case: Adolescent or adult with fever, cough, dyspnea, RR < 30 breaths, and saturation > 93% without any oxygen support.



Severe cases: Cases with respiratory distress and RR ≥ 30 breaths/min or oxygen saturation ≤ 93% at rest. For the study purpose, cases having an acute myocardial infarction, COVID-19-associated coagulopathy, unremitting fever, or sepsis were also included in severe cases.



Critical cases: Patients requiring mechanical ventilation or HFNC for respiratory failure or having septic shock (hypotension that persists even after adequate fluid resuscitation, and requires vasopressors to sustain mean arterial pressure (MAP) ≥ 60 mmHg) or organ failure.



	(B)

	
Acute Respiratory Distress Syndrome (ARDS)







Acutely occurring respiratory failure not fully explained by cardiac failure or fluid overload having bilateral opacities, on chest imaging. In the absence of arterial blood gas analysis to evaluate hypoxemia, SpO2/FiO2 ≤ 315 is ARDS [6].



	(C)

	
Heart failure







In a dyspneic patient, tachycardia, the presence of dependent edema, and suggestive radiological changes with high BNP/NT-pro BNP. Due to extensive PPE use, we were unable to auscultate the lungs for the evaluation of basal crackles, which is an important finding of heart failure.



Case management: Following national [5] and international guidelines [6,7] icddr,b developed its clinical protocol that was revised over time to accommodate the new evidence-based recommendations. At triage of the makeshift unit, patients were screened, and all suspected patients were forwarded to a separate tent where they waited until COVID-19 testing was done. All diagnosed patients were categorized, and mild COVID-19 patients stayed in the isolation unit when they lacked the facilities for home isolation. Moderate, severe, and critical cases were managed in the COVID-19 tent, where almost all advanced medical facilities were available. Patients or their relatives measured oxygen saturation at home by portable pulse oximeter, and were admitted to the hospital if saturation dropped below 90% (94% during the initial days of COVID-19), or if symptoms worsened.



For them, complete blood count, coagulation profile, serum biochemical test (including renal and electrolytes), and chest X-ray (P/A for ambulant patients, and A/P for portable one) were performed initially. Other tests were performed according to clinical necessity. Famotidine, vit C, vit D, and Zinc were empirically administered. At the beginning of March and April 2020, patients were given hydroxychloroquine and azithromycin, and later we changed it to ivermectin (12 mg single dose) and doxycycline (100 mg 12 hourly for five days) from June 2020, and finally, from November 2020, only ivermectin (12 mg daily for 5 days) was prescribed based on the local evidence [8]. However, later studies found substantial unpredictability on the efficacy of ivermectin in COVID-19-affected patients [9].



Antibiotics were prescribed for patients who had a high level of C-reactive protein (CRP) with evidence of infection in complete blood count (CBC) or chest X-rays. According to the recovery trial, corticosteroid therapy was given at a dose of dexamethasone 6 mg daily for 10 days [10] for severe to critical cases. However, methylprednisolone was used in few cases before this evidence was surfaced. Oxygen therapy was administered to the patients using a nasal cannula, face mask, non-rebreather mask, HFNC, or invasive MV according to the severity of hypoxemia. HFNC was introduced in July 2020, and before that, patients with respiratory failure were managed with a non-rebreather mask with an oxygen flow rate of up to 15 L/min. Non-responsive patients were switched to an MV, or they were referred to other facilities.



Data collection: We reviewed clinical and nursing records, laboratory findings, and chest radiographs to get the required patient data between 1 April 2020 to 31 March 2021. We collected data on demographic and socioeconomic information (age, sex, education, occupation), presenting complaints such as fever, cough, sore throat, dyspnea, diarrhea, body ache, and generalized weakness; co-morbid conditions, such as hypertension, diabetes mellitus, chronic respiratory illness (bronchial asthma or COPD), and ischemic heart diseases (H/O coronary intervention such as coronary artery bypass grafting (CABG) or angiogram, angina); as well as vital signs (pulse, blood pressure (BP), temperature, respiratory rate (RR), arterial oxygen saturation (SpO2), random blood sugar (RBS)), physical examination findings (pallor, cyanosis, breathing pattern, edema, dehydration, organomegaly), the requirement of oxygen support (by nasal cannula or NRM or HFNC or MV) laboratory reports on complete blood count (CBC), electrolyte and creatinine, coagulation profile (D-dimer), inflammatory marker (C-reactive protein (CRP)), and chest x-ray. Moreover, we collected data on treatment outcomes that included discharge, referral, or death or complications that developed during the disease course, such as acute respiratory distress syndrome (ARDS), septic shock, and heart failure. A research assistant entered the data, and four physicians of the COVID-19 management unit reviewed it. Depending on clinical conditions, different laboratory tests were performed at different time points. To maintain homogeneity, we only included the baseline (performed within 2 days before or after admission) investigations in the analysis.




2.2. Statistical Analysis


Quantitative variables were presented as median (IQR) for heterogenous data, or mean (±SD) for homogenous data, and compared with the Mann–Whitney U test and t-test, respectively. Qualitative variables were presented as frequency. χ2 test or Fisher’s exact test compared their significance as appropriate. A two-sided probability of <0.05 was considered statistically significant. We reported OR with their 95% CI to represent the strength of association. Finally, a multivariable logistic regression analysis (enter method) was employed to identify independent variables that were significantly associated with the outcome of oxygen requirement. SPSS software (version 20) and Epi Info (version 7.0) were used for the analysis. Information Technology Department of icddr,b provided the software.





3. Results


Within 12 months of the study period, a total of 207 RT-PCR-confirmed COVID-19 cases received management from this inpatient facility. Twelve of them had an age <18 years and experienced an uneventful recovery. Of the 207 inpatients, 88 (42.5%) were hypoxemic and required intensive support. Among the hypoxemic adults, 54 improved solely by low flow oxygen administered through a nasal cannula (up to 6 L/min), three were referred (acute myocardial infarction (1), cerebrovascular accidents/CNS infection (1), attendant’s preference (1)), and the remaining 31 required an escalation of oxygen therapy using a face mask (FM). Among the FM group, 29 required an escalation of oxygen by using NRM (up to 15 L/min) due to the worsening of hypoxemia, and one required MV. Out of 29, 15 received HFNC, and four required MV. Three were referred (unavailability of HFNC (3), and attendant’s preference (1)). Up to July 2020, HFNCs were not available at our treatment facility. We have started HFNC with a flow of 20 L/min. Two patients who received less than 40 L/min of O2 by HNFC were weaned off after 5 days and 9 days, respectively. However, we escalated up to 80 L/min for others before introducing them to MV or reaching the fatal outcome. Two patients recovered and got discharged, one deescalated to NRM and was referred (for complete heart block), five patients were intubated for mechanical ventilation, and due to refusal from the patients’ attendant, seven patients were not intubated. All patients in MV (n = 10) did not survive. Out of 119 non-hypoxemic patients, all were discharged except three (referred due to attendant’s preference (2), and renal calculi (1)) (Figure 1).



COVID-19 in-patient characteristics: Patients who required oxygen were older than those who did not require oxygen (median age, 58 y vs. 42 y), and they also had more comorbidities such as hypertension, diabetes, and IHD. They presented with shortness of breath, fever, and tachypnea at admission (p-value for all, <0.05). Other baseline features were comparable between the groups (Table 1).



Our data showed that patients who required oxygen therapy during hospitalization more often had WBC aberration with leucopenia or leukocytosis (white blood cell count less than 4 × 10⁹/L or greater than 11 × 10⁹/L, respectively), lymphopenia, higher D-Dimer and CRP, hyponatremia, and metabolic acidosis on admission compared to those who did not require oxygen therapy (Table 2).



On admission, a chest x-ray was performed in 140 cases where bilateral X-ray changes were observed among 67.5% of patients in the severe-critical group, and 14% of patients in the mild-moderate group (Table 2).



There were 19 deaths, and all of them were from the oxygen-required group. Those who required oxygen therapy also developed several complications during the disease course, e.g., ARDS, heart failure, and septic shock (Figure 2a,b). Compared to patients who did not require oxygen, they required more injectable antibiotics, and, more often, their antibiotics required an escalation to a higher generation. They also consumed more insulin, proton pump inhibitors, and steroids (Table S1, Supplementary Materials). As of March 2021, 86% of the 207 admitted patients recovered and had been discharged successfully.



Multivariable logistic regression (enter method) was performed with the clinically significant variables from bivariate analysis to find independent factors predicting oxygen therapy among the COVID-19-infected patients. After adjusting for potential confounders, older age, dyspnea, high CRP, and lymphocytopenia were found to predict oxygen therapy among the COVID-19-infected patients (Table 3).



The receiver operating characteristic (ROC) curve with area under the curve (AUC) describes the contribution of CRP, lymphopenia, dyspnea, and age for hypoxemia among the patients hospitalized for COVID-19 (Figure 3).




4. Discussion


To our knowledge, this is the first reported study from Bangladesh where a make-shift hospital managed COVID-19 infected patients with intensive monitoring and follow-ups. We found older age, dyspnea/shortness of breath, and laboratory characteristics such as high CRP and lymphocytopenia (low lymphocyte) at admission were associated with oxygen requirement among COVID-19-infected patients. Here, the case fatality rate was 9.2% (19/207) among the moderate to critical cases. It varied in different regions of the world, and was found to have ranged from 3.14 to 3.5% among the outpatient cases [11,12]. A systematic review showed that the pooled prevalence of mortality among hospitalized patients with COVID-19 was 17.62% (95% CI, 14.26–21.57%) [13]. The most important observation of this study is the low mortality compared to other makeshift COVID centers treating severe and critically ill COVID-19 patients [14,15]. Perhaps, proper patient care, protocolized management based on WHO and national guidelines, early adoption of evidence-based new treatment modalities during COVID-19, regular refreshers training for all the health care providers, continuous monitoring and supervision by specialists’ doctors, daily group discussions, and, most importantly, a team of dedicated doctors and nurses are the factors that resulted in the higher survival of our patients. Besides that, external consultancy from specialist physicians was sought when we found it necessary.



Older age was found to be a strong predictor of in-patient morbidity and mortality of patients admitted with COVID-19 and is included in other existing COVID-19 severity scores also [16,17,18,19]. Age is always an important factor in the clinical course of a disease. Extreme age was identified as an important predictor of mortality in severe acute respiratory syndrome (SARS) and Middle East Respiratory Syndrome (MERS) [20,21]. As people get older, there is a dysregulation of the immune system, particularly due to the development of an adaptive immune response with preserved innate immunity [22]. There is a loss of CD4 cells, shift from Th1 to Th2 cytokines with persistent hyper inflammation, expansion of cytotoxic CD8 cells, and minimum functional impairment of Neutrophil, monocyte/macrophage, and natural killer cells. Thus, the collective impact of all these defects in aged persons results in a reduced ability to respond against a new pathogen in an effective way [23,24]. A recent meta-analysis by Parohan et al. revealed that extreme age is an important risk factor for death among patients affected with COVID-19 [18]. In our cohort, the observation of a higher risk of disease progression with oxygen support among elderly patients is consistent with the above findings.



COVID-19-infected patients also presented with shortness of breath, indicating more pronounced involvement of lung parenchyma and subsequent development of hypoxemia. By increasing an upregulation of receptors from the afferent pulmonary C fibers, viral infection can cause shortness of breath [25] which was evident earlier in influenza (82%) and MERS (69%) [16,26,27], whereas in COVID-19, shortness of breath varied and may present quite differently, either having normal breathing with “silent” hypoxemia or remarkable dyspnea among different cohorts [28]. C-reactive protein (CRP), an acute-phase inflammatory protein is primarily synthesized and stored in hepatocytes, and released in response to infection and inflammation, primarily with the stimulation of IL-6 followed by IL-1 and tumor necrosis alpha (TNF-α) [29]. In COVID-19, several studies found that an increased CRP was associated with disease severity and poor progression [30,31]. A Swedish multicenter study disclosed that an admission CRP level > 10 mg/dL was used as the predictor of ICU admissions and 30-day mortality [32].



At the beginning of inflammation, CRP binds to pathogens, activates the complement pathway, and promotes phagocytosis and apoptosis. However, by inhibiting neutrophil chemotaxis and delaying apoptosis, CRP expresses its anti-inflammatory effects also [33]. In COVID-19, SARS-CoV-2 damages organs by inflammatory response, resulting in the progression of diseases [33]. Thus, markedly elevated CRP might act as a surrogate of excessive inflammation, leading to severe and critical illness, and even deaths in COVID-19. Studies from other centers also echoed the same findings of higher D-dimer and CRP in predicting severe COVID-19 infections from that of mild-moderate diseases [34,35].



Our data also depicted the same findings of higher CRP predicting the oxygen requirement of COVID-19-infected patients, thus differentiating severe cases from mild-moderate cases. In our analyses, D-dimer was significantly higher among the COVID-19 patients requiring oxygen therapy than those who did not require oxygen therapy in bivariate analysis; however, the significance was lost in multivariable analysis.



Among the hematological parameters, leukocytosis, lymphopenia, and increased neutrophil to lymphocyte ratio were associated with disease severity. A recent review regarding COVID-19 by Jafarzadeh et al. found the frequency of lymphopenia was 0.6–80.4% and 32.7–96.1% among mild/moderate and severe COVID-19 cases, respectively [36]. Lymphopenic patients had a three-fold higher risk of developing severe COVID-19 [37], and survived less than non-lymphopenic patients, indicating that the repletion of lymphocytes may impact recovery [38]. In SARS, the reported prevalence of lymphopenia was 69.6–54% [39]. SARS-CoV-2 may also cause lymphocytopenia by direct infection, pyroptosis, bone marrow impairment, thymus suppression, tissue redistribution, cytokine and antibody-mediated destruction, and autophagy [36,37]. In our studied COVID-19 cohort, lymphocytopenia was observed to be associated with 6.18 times higher odds of disease severity and oxygen requirement.



We had several limitations. Being a retrospective and single center study, all relevant data were not available for all patients, and we might have missed some unknown risk factors for the requirement of oxygen therapy. However, as we know, this is the first study from Bangladesh; hence, data may be important for other clinicians and policymakers in limited resources settings such as Bangladesh.




5. Conclusions


Our data analyses demonstrate that older age, dyspnea, high CRP, and lymphopenia are associated with an oxygen requirement among the COVID-19-affected hospitalized patients. We need to remain vigilant for COVID-19-affected patients having these clinical and laboratory characteristics. Thus, our observation of clinical and laboratory characteristics of COVID-19 patients and their predicting factors for developing hypoxemia are found to be consistent among the millions of COVID-19-affected people globally.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jcm11112968/s1, Table S1: Treatment and outcome profiles of COVID-19-affected in-patients.





Author Contributions


Conceptualization, M.S., M.M., T.A., S.B.I. and M.J.C.; methodology, M.S., L.S., N.J.S. and S.N.S.; software, M.S., N.J.S., S.S.S. and D.H.J.; formal analysis, M.S., M.M., L.S. and M.J.C.; resources, M.J.C.; data curation, M.S., L.S., N.J.S., S.N.S., S.S.S., D.H.J. and S.B.I.; writing—original draft preparation, M.S., M.J.C. and D.H.J.; writing—review and editing, M.S., M.M., L.S., N.J.S., S.N.S., S.S.S., D.H.J., S.B.I., M.J.C. and T.A.; visualization, M.S., M.M., L.S. and M.J.C.; supervision, T.A. and M.J.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Ethical review and approval were waived for this study as the service data were analyzed retrospectively, and it did not involve any direct interaction with the patients or their attendants. Data were anonymized before analysis.




Informed Consent Statement


Patient consent was waived as this was a retrospective analysis.




Data Availability Statement


The Institutional Review Board, icddr,b, has the right to share data upon request. Data requests may be sent to Armana Ahmed (aahmed@icddrb.org), Head, Research Administration.




Acknowledgments


We gratefully acknowledge the core donors that include the governments of Bangladesh, Canada, Sweden, and the UK for their support and commitment to icddr,b’s research efforts. We would like to express our sincere thanks to all clinical fellows, nurses, and members of the cleaning team of the hospital (particularly working in the COVID-19 unit) for their invaluable support and contribution to patient care.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



World Health Organization. Director-General’s Opening Remarks at the Media Briefing on COVID-19—11 March 2020. Available online: https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-COVID-19—11-march-2020 (accessed on 10 February 2021).

	



World Health Organization. WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed on 5 May 2022).

	



World Health Organization. WHO Coronavirus Disease (COVID-19) Dashboard: Bangladesh. Available online: https://covid19.who.int/region/searo/country/bd (accessed on 10 February 2021).

	



Centers for Disease Control and Prevention. Symptoms of Coronavirus. Available online: https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html (accessed on 10 February 2021).

	



Directorate General of Health Services. National Guidelines on Clinical Management of Coronavirus Disease 2019 (COVID-19). 2020. Available online: https://old.dghs.gov.bd/index.php/bd/publication/guideline (accessed on 5 November 2020).

	



World Health Organization. Clinical Management of Severe Acute Respiratory Infection (SARI) When COVID-19 Disease Is Suspected: Interim Guidance, 13 March 2020; World Health Organization: Geneva, Switzerland, 2020. [Google Scholar]

	



Kache, S.; Chisti, M.J.; Gumbo, F.; Mupere, E.; Zhi, X.; Nallasamy, K.; Nakagawa, S.; Lee, J.H.; di Nardo, M.; de la Oliva, P.; et al. COVID-19 PICU guidelines: For high- and limited-resource settings. Pediatr. Res. 2020, 88, 705–716. [Google Scholar] [CrossRef] [PubMed]

	



Ahmed, S.; Karim, M.M.; Ross, A.G.; Hossain, M.S.; Clemens, J.D.; Sumiya, M.K.; Phru, C.S.; Rahman, M.; Zaman, K.; Somani, J.; et al. A five-day course of ivermectin for the treatment of COVID-19 may reduce the duration of illness. Int. J. Infect. Dis. IJID Off. Publ. Int. Soc. Infect. Dis. 2021, 103, 214–216. [Google Scholar] [CrossRef] [PubMed]

	



Izcovich, A.; Peiris, S.; Ragusa, M.; Tortosa, F.; Rada, G.; Aldighieri, S.; Reveiz, L. Bias as a source of inconsistency in ivermectin trials for COVID-19: A systematic review. Ivermectin’s suggested benefits are mainly based on potentially biased results. J. Clin. Epidemiol. 2022, 144, 43–55. [Google Scholar] [CrossRef] [PubMed]

	



Horby, P.; Lim, W.S.; Emberson, J.R.; Mafham, M.; Bell, J.L.; Linsell, L.; Staplin, N.; Brightling, C.; Ustianowski, A.; Elmahi, E.; et al. Dexamethasone in Hospitalized Patients with Covid-19. N. Engl. J. Med. 2021, 384, 693–704. [Google Scholar] [CrossRef]

	



Chen, R.; Liang, W.; Jiang, M.; Guan, W.; Zhan, C.; Wang, T.; Tang, C.; Sang, L.; Liu, J.; Ni, Z. Risk factors of fatal outcome in hospitalized subjects with coronavirus disease 2019 from a nationwide analysis in China. Chest 2020, 158, 97–105. [Google Scholar] [CrossRef]

	



Lin, W.T.; Hung, S.H.; Lai, C.C.; Wang, C.Y.; Chen, C.H. The impact of neutralizing monoclonal antibodies on the outcomes of COVID-19 outpatients: A systematic review and meta-analysis of randomized controlled trials. J. Med. Virol. 2022, 94, 2222–2229. [Google Scholar] [CrossRef]

	



Dessie, Z.G.; Zewotir, T. Mortality-related risk factors of COVID-19: A systematic review and meta-analysis of 42 studies and 423,117 patients. BMC Infect. Dis. 2021, 21, 855. [Google Scholar] [CrossRef]

	



Oliveira, E.; Parikh, A.; Lopez-Ruiz, A.; Carrilo, M.; Goldberg, J.; Cearras, M.; Fernainy, K.; Andersen, S.; Mercado, L.; Guan, J. ICU outcomes and survival in patients with severe COVID-19 in the largest health care system in central Florida. PLoS ONE 2021, 16, e0249038. [Google Scholar] [CrossRef]

	



Armstrong, R.; Kane, A.; Kursumovic, E.; Oglesby, F.; Cook, T.M. Mortality in patients admitted to intensive care with COVID-19: An updated systematic review and meta-analysis of observational studies. Anaesthesia 2021, 76, 537–548. [Google Scholar] [CrossRef]

	



Liang, W.; Liang, H.; Ou, L.; Chen, B.; Chen, A.; Li, C.; Li, Y.; Guan, W.; Sang, L.; Lu, J. Development and validation of a clinical risk score to predict the occurrence of critical illness in hospitalized patients with COVID-19. JAMA Intern. Med. 2020, 180, 1081–1089. [Google Scholar] [CrossRef]

	



Caramelo, F.; Ferreira, N.; Oliveiros, B. Estimation of risk factors for COVID-19 mortality-preliminary results. MedRxiv 2020. [Google Scholar] [CrossRef]

	



Parohan, M.; Yaghoubi, S.; Seraji, A.; Javanbakht, M.H.; Sarraf, P.; Djalali, M. Risk factors for mortality in patients with Coronavirus disease 2019 (COVID-19) infection: A systematic review and meta-analysis of observational studies. Aging Male 2021, 23, 1416–1424. [Google Scholar] [CrossRef] [PubMed]

	



Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054–1062. [Google Scholar] [CrossRef]

	



Choi, K.W.; Chau, T.N.; Tsang, O.; Tso, E.; Chiu, M.C.; Tong, W.L.; Lee, P.O.; Ng, T.K.; Ng, W.F.; Lee, K.C. Outcomes and prognostic factors in 267 patients with severe acute respiratory syndrome in Hong Kong. Ann. Intern. Med. 2003, 139, 715–723. [Google Scholar] [CrossRef]

	



Hong, K.-H.; Choi, J.-P.; Hong, S.-H.; Lee, J.; Kwon, J.-S.; Kim, S.-M.; Park, S.Y.; Rhee, J.-Y.; Kim, B.-N.; Choi, H.J. Predictors of mortality in Middle East respiratory syndrome (MERS). Thorax 2018, 73, 286–289. [Google Scholar] [CrossRef]

	



Opal, S.M.; Girard, T.D.; Ely, E.W. The immunopathogenesis of sepsis in elderly patients. Clin. Infect. Dis. 2005, 41, S504–S512. [Google Scholar] [CrossRef]

	



Shinkai, S.; Konishi, M.; Shephard, R.J. Aging and immune response to exercise. Can. J. Physiol. Pharmacol. 1998, 76, 562–572. [Google Scholar] [CrossRef]

	



Shaw, A.C.; Goldstein, D.R.; Montgomery, R.R. Age-dependent dysregulation of innate immunity. Nat. Rev. Immunol. 2013, 13, 875–887. [Google Scholar] [CrossRef]

	



Omar, S.; Clarke, R.; Abdullah, H.; Brady, C.; Corry, J.; Winter, H.; Touzelet, O.; Power, U.F.; Lundy, F.; McGarvey, L.P. Respiratory virus infection up-regulates TRPV1, TRPA1 and ASICS3 receptors on airway cells. PLoS ONE 2017, 12, e0171681. [Google Scholar] [CrossRef]

	



Cavallazzi, R.; Ramirez, J.A. Influenza and viral pneumonia. Clin. Chest Med. 2018, 39, 703–721. [Google Scholar] [CrossRef]

	



Komorowski, M.; Aberegg, S.K. Using applied lung physiology to understand COVID-19 patterns. Br. J. Anaesth. 2020, 125, 250–253. [Google Scholar] [CrossRef] [PubMed]

	



Gattinoni, L.; Chiumello, D.; Caironi, P.; Busana, M.; Romitti, F.; Brazzi, L.; Camporota, L. COVID-19 pneumonia: Different respiratory treatments for different phenotypes? Intensiv. Care Med. 2020, 46, 1099–1102. [Google Scholar] [CrossRef] [PubMed]

	



Macintyre, S.; Samols, D.; Dailey, P. Two carboxylesterases bind C-reactive protein within the endoplasmic reticulum and regulate its secretion during the acute phase response. J. Biol. Chem. 1994, 269, 24496–24503. [Google Scholar] [CrossRef]

	



Qin, C.; Zhou, L.; Hu, Z.; Zhang, S.; Yang, S.; Tao, Y.; Xie, C.; Ma, K.; Shang, K.; Wang, W. Dysregulation of immune response in patients with coronavirus 2019 (COVID-19) in Wuhan, China. Clin. Infect. Dis. 2020, 71, 762–768. [Google Scholar] [CrossRef] [PubMed]

	



Yang, W.; Cao, Q.; Qin, L.; Wang, X.; Cheng, Z.; Pan, A.; Dai, J.; Sun, Q.; Zhao, F.; Qu, J. Clinical characteristics and imaging manifestations of the 2019 novel coronavirus disease (COVID-19): A multi-center study in Wenzhou city, Zhejiang, China. J. Infect. 2020, 80, 388–393. [Google Scholar] [CrossRef]

	



Koozi, H.; Lengquist, M.; Frigyesi, A. C-reactive protein as a prognostic factor in intensive care admissions for sepsis: A Swedish multicenter study. J. Crit. Care 2020, 56, 73–79. [Google Scholar] [CrossRef]

	



Heuertz, R.M.; Ahmed, N.; Webster, R.O. Peptides derived from C-reactive protein inhibit neutrophil alveolitis. J. Immunol. 1996, 156, 3412–3417. [Google Scholar]

	



Luo, X.; Zhou, W.; Yan, X.; Guo, T.; Wang, B.; Xia, H.; Ye, L.; Xiong, J.; Jiang, Z.; Liu, Y. Prognostic value of C-reactive protein in patients with coronavirus 2019. Clin. Infect. Dis. 2020, 71, 2174–2179. [Google Scholar] [CrossRef]

	



Zhang, H.; Shi, T.; Wu, X.; Zhang, X.; Wang, K.; Bean, D.; Dobson, R.; Teo, J.T.; Sun, J.; Zhao, P. Risk Prediction for Poor Outcome and Death in Hospital In-Patients with COVID-19: Derivation in Wuhan, China and External Validation in London, UK; Elsevier: Amsterdam, The Netherlands, 2020. [Google Scholar] [CrossRef]

	



Jafarzadeh, A.; Jafarzadeh, S.; Nozari, P.; Mokhtari, P.; Nemati, M. Lymphopenia an important immunological abnormality in patients with COVID-19: Possible mechanisms. Scand. J. Immunol. 2021, 93, e12967. [Google Scholar] [CrossRef]

	



Zhao, Q.; Meng, M.; Kumar, R.; Wu, Y.; Huang, J.; Deng, Y.; Weng, Z.; Yang, L. Lymphopenia is associated with severe coronavirus disease 2019 (COVID-19) infections: A systemic review and meta-analysis. Int. J. Infect. Dis. 2020, 96, 131–135. [Google Scholar] [CrossRef]

	



Henry, B.M. COVID-19, ECMO, and lymphopenia: A word of caution. Lancet Respir. Med. 2020, 8, e24. [Google Scholar] [CrossRef]

	



Lee, N.; Hui, D.; Wu, A.; Chan, P.; Cameron, P.; Joynt, G.M.; Ahuja, A.; Yung, M.Y.; Leung, C.; To, K. A major outbreak of severe acute respiratory syndrome in Hong Kong. N. Engl. J. Med. 2003, 348, 1986–1994. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 11 02968 g001 550] 





Figure 1. Flow diagram showing COVID-19 patients managed at icddr,b Dhaka Hospital. 
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Figure 2. (a) Outcome of the study patients, and (b) complications during the disease course among the patients requiring oxygen (ARDS = acute respiratory distress syndrome). 
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Figure 3. Receiver operating characteristic (ROC) curve with area under the curve (AUC) showing parameters associated with hypoxemia among the patients hospitalized for COVID-19. 
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Table 1. Demographics and baseline characteristics of in-patient COVID-19 cases according to oxygen requirement.
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Characteristics

	
Oxygen Required (n = 88)

	
Oxygen Not Required (n = 119)

	
OR, 95%CI

	
p Value






	
Age (years) (median, IQR)

	
58 (51.2, 65)

	
42 (35, 54)

	
-

	
<0.001




	
Sex, male

	
54 (61.4)

	
74 (62.7)

	
0.94 (0.53–1.66)

	
0.95




	
Days from illness onset to admission (median, IQR)

	
7 (4, 8)

	
5 (3, 9.5)

	
-

	
0.54




	
Antibiotics before hospitalization

	
18 (20.5)

	
18 (15.1)

	
1.44 (0.70–2.97)

	
0.415




	
Presence of comorbidity




	
Hypertension

	
54 (61.4)

	
40 (33.6)

	
3.13 (1.75–5.59)

	
<0.001




	
Diabetes Mellitus

	
41 (46.6)

	
32 (26.9)

	
2.37 (1.32–4.25)

	
0.005




	
Ischemic Heart Disease

	
26 (29.9)

	
7 (5.9)

	
6.71 (2.75–16.34)

	
<0.001




	
Chronic respiratory illness (asthma and COPD)

	
15 (17.4)

	
18 (15.5)

	
1.15 (0.54–2.43)

	
0.86




	
Hypothyroidism

	
8 (9.1)

	
8 (6.7)

	
1.39 (0.50–3.85)

	
0.713




	
Signs and symptoms




	
Fever

	
70 (80.5)

	
82 (68.9)

	
1.85 (0.96–3)

	
0.08




	
Cough

	
57 (66.3)

	
76 (64.4)

	
0.81 (0.46–1.41)

	
0.54




	
Sore throat

	
5 (5.8)

	
13 (11.1)

	
0.49 (0.16–1.44)

	
0.28




	
Headache

	
13 (15.1)

	
25 (21.4)

	
0.65 (0.31–1.36)

	
0.34




	
Diarrhea

	
10 (11.6)

	
12 (10.3)

	
1.15 (0.47–2.80)

	
0.93




	
Shortness of breath (SOB)

	
48 (54.5)

	
33 (27.7)

	
3.13 (1.75–5.59)

	
<0.001




	
Body ache/myalgia

	
8 (9.4)

	
19 (16.2)

	
0.53 (0.22–1.28)

	
0.23




	
Systolic blood pressure




	
Normotensive, <120 mm (ref)

	
30 (36.6)

	
47 (42.3)

	
-

	
-




	
Pre-hypertensive (120–139) mm of hg

	
31 (37.8)

	
44 (39.6)

	
1.10 (0.58–2.11)

	
0.894




	
Hypertension (>140 mm of hg)

	
21 (25.6)

	
20 (18)

	
1.64 (0.76–3.53)

	
0.278




	
Diastolic Blood Pressure




	
Normotensive <80 mm of hg (ref)

	
48 (58.5)

	
46 (41.4)

	
-

	
-




	
Pre-hypertensive (80–89) mm of hg

	
21 (25.6)

	
37 (33.3)

	
0.54 (0.28–1.06)

	
0.105




	
Hypertension >90 mm of hg

	
13 (15.9)

	
28 (25.2)

	
0.44 (0.20–0.96)

	
0.059




	
Temperature >38 °C

	
17 (21.2)

	
8 (7.1)

	
3.54 (1.44–8.68)

	
0.007




	
RBS (median, IQR)

	
8 (6.3,10.7)

	
7.35 (5.8,10.9)

	
-

	
0.414




	
Tachycardia (Heart rate > 100/min)

	
27 (32.5)

	
20 (17.7)

	
0.44 (0.22–0.86)

	
0.025




	
Tachypnoea (Respiratory rate > 30/min)

	
39 (50)

	
10 (9.1)

	
10 (4.55–21.9)

	
<0.001
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Table 2. Laboratory profiles of in-patient COVID-19 cases at admission.
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Characteristics

	
Patients Required Oxygen (n = 88)

	
Patients Required No Oxygen (n = 119)

	
OR, 95% CI

	
p Value






	
Complete Blood Count




	
Hb (g/dL)

	
12.2 ± 1.6

	
12.5 ± 1.6

	
-

	
0.191




	
Leukocytosis or leucopenia

	
23 (28)

	
9 (11.7)

	
2.94 (1.26–6.86)

	
0.018




	
Lymphopenia

	
54 (65.9)

	
18 (23.4)

	
6.32 (3.15–12.7)

	
0.000




	
Platelet (×109/L)

	
211.35 ± 89.8

	
229.1± 91.1

	
-

	
0.218




	
CRP (mg/dL)

	
9.4 (3.0, 19.9)

	
1.3 (0.3, 4.5)

	
-

	
0.001




	
D-Dimer (pg/mL)

	
659 (360.5, 1028.5)

	
409.5 (277.1, 673.7)

	
-

	
0.010




	
Serum electrolyte




	
Hyponatremia

	
23 (31.9)

	
8 (17.4)

	
2.23 (0.9–5.53)

	
0.124




	
Hypokalemia

	
18 (25.4)

	
16 (34.8)

	
0.64 (0.28–1.43)

	
0.374




	
Metabolic acidosis

	
39 (54.9)

	
9 (19.6)

	
5.01 (2.11–11.91)

	
<0.001




	
Normal renal function

	
59 (90.8)

	
37 (100)

	
-

	
0.142




	
Bilateral involvement in chest X-rays

	
52 (67.5)

	
9 (14.3)

	
12.48 (5.32–29.25)

	
<0.001








Leukocytosis or leucopenia (WBC count < 4 × 109/L or >11 × 109/L); lymphopenia (absolute lymphocyte count < 1.5 × 109/L); hyponatremia (serum sodium < 135 m mol/L); hypokalemia (serum K < 3.5 m mol/L); metabolic acidosis (TCO2 < 23 m mol/L).
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Table 3. Factors associated with oxygen requirement in admitted COVID-19-infected patients.
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	Characteristics
	OR, 95% CI
	p Value





	Age
	1.07 (1.02–1.13)
	0.005



	Sex male
	0.54 (0.16–1.85)
	0.326



	Hypertension
	1.82 (0.56–5.92)
	0.319



	Ischemic Heart Diseases
	3.83 (0.81–18.24)
	0.091



	Diabetes Mellitus
	0.59 (0.15–2.24)
	0.437



	Dyspnea
	3.56 (1.06–11.96)
	0.040



	Fever
	1.16 (0.24–5.68)
	0.857



	Tachycardia
	1.48 (0.44–4.93)
	0.522



	Lymphopenia
	6.18 (1.81–21.10)
	0.004



	CRP
	1.13 (1.03–1.25)
	0.011



	D-Dimer
	1.0 (0.99–1.00)
	0.382
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