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1	Introduction	
 

 

1.1	NSAIDs	

Nonsteroidal anti-inflammatory drugs (NSAIDs) is one of the most commonly used 

group of drugs. They are a diverse group of compounds that possess analgesic, 

antipyretic and antiinflammatory effects. They are widely used among patients 

experiencing many different types of pain, including inflammatory, acute pain (eg, 

injury, lumbago, abdominal pain, headache, postoperative pain, infection), and 

chronic pain (eg, rheumatoid arthritis, osteoarthritis) [14].  

Most common agents are ibuprofen, diclofenac and paracetamol. They mainly 

inhibit prostaglandin synthesis by blocking the enzyme cyclooxygenase (COX). 

These enzymes catalyse the modification of arachidonic acid and other 

unsaturated fatty acids to prostaglandins playing an important role in the 

inflammatory cascade. Moreover there seems to be several additional 

mechanisms of action like the interference with l-selectin function in neutrophils 

during the inflammatory response or the modulation of various ion channels. 

These mechanisms might also be the reason for the bad safety profile of the 

current NSAIDs [7,13].  

 

But both traditional NSAIDs and second-generation NSAIDs (selective 

cyclooxygenase-2 inhibitors) can lead to very expensive and serious adverse 

events. Gastrointestinal, cardiovascular, and renal complications associated with 

NSAIDs have been shown to be dose-dependent [14]. Researchers found that 

NSAID use was associated with a 3-fold greater risk for acute renal failure 

compared with non-NSAIDs use (95% CI, 1.8-5.8) after adjusting for age, sex, 

body mass index, and several comorbidities. Other data showed that this risk was 

dose-dependant and increased with long-term use [20].  
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Many patients are daily users of NSAIDs. It is estimated that globally 

approximately seven billion dollars are spent on NSAIDs per year that make up to 

2.5% of all the prescription dollars in the world. Among various NSAIDs, diclofenac 

is the most commonly used NSAID worldwide [35]. The use of all NSAIDs also has 

been associated with dose-dependent renal side effects with various ethiologies. 

Many of the side effects are short-term and reversible upon NSAID withdrawal. 

 

 

1.2	Hantavirus	Definition	

Puumala RNA-virus is a genotype of hantavirus, which is counted to the 

bunyaviruses [13]. Especially in central Europe it is widespread by the small 

mouse bank vole (myodes glareolus) serving as host animal. Asymptomatic but 

persistent infected it spreads the virus by feces, urine and saliva [27]. Humans get 

infected by inhaling particular matter. A river is eponym, where thousands of 

infected soldiers got kidney failure during the Korean War [27]. It is a pandemic 

event that is dependant on well-connected forests, low soil water content, mild 

summer, cold winter and the amount of built-up areas in forest ecotones [55]. In 

Europe and Asia infection can lead to hemorrhagic fever with renal syndrome 

(HFRS) whereas in North America it can lead to cardiopulmonary syndrome with 

higher fatality [54]. A total of 852 HFRS cases were reported in Germany, of which 

were 580 in the state of Baden-Württemberg, during Oktober 2011-April 2012 [5]. 

A large seasonal variability can be observed as the most cases occur in August 

(figure 2). 
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1. Figure 1: This picture of the Robert Koch Institute’s epidemiological bulletin 

25/2012 shows the cumulative incidence of diagnosed hantavirus infection 

in Germany in first half of 2012. The darker the regions the more cases. 

The german hotspot was in Ulm and Swabian Jura. (Faber M: Hantavirus 

desease: hint of rise in case number. Robert Koch Institute’s 

epidemiological bulletin 25/2012: 79-86) 
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Along with norovirus infections, hepatitis C, influenza and rotavirus infection, 

hantavirus infections are the one of the 5 most common notifiable viral diseases in 

Germany [27]. 

 

1.3	Symptoms	of	Hantavirus	

After 2 to 3 weeks incubation time a heavy, abdominal pain, headache and/or 

lumbago usually appear. This is followed by rapid fever over 38.5° Celsius, 

shivering, nausea und conjunctivitis. Symptoms like these picture the first phase of 

illness. Following are conjunctival bleeding as well as petechiae as signs of 

haemostatic disorder and thrombocytopenia in the second phase [28]. Renal 

failure with high serum creatinine, mild proteinuria and/or macro-/microhematuria 

uraemia and oligo-/anuria can represent the third phase [48,45,42] later followed 

by polyuria [26]. The severity of PUUV varies from subclinical disease to severe 

acute kidney injury [33]. 

 

 

Table 1: Hantavirus infection’s acute phase typical symptoms. Symptoms usually 

occur and dissapear in specific order [27].  

Phase 1 high fever (3-4 days); unspecific flu-like symptoms like 

headache, myalgia, shivering and conjunctivitis; lumbago; 

abdominal pain; nausea and vomiting 

Phase 2 hypotension; haemostatic disorders; conjunctival bleedings 

and petechia 

Phase 3 renal failure; proteinuria and microhaematuria; creatinaemia; 

thrombocytopenia; leucocytosis, uraemia and oliga-/anuria 

Additional-phase polyuria; convalescence 
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1.4	Diagnosis	

Diagnosis is suspected when leading symptoms occur: rapid fever spike over 

38,5° Celsius; abdominal-, headache and or lumbago; increase in creatinine level; 

thrombocytopenia; proteinuria and/or haematuria; oliguria following polyuria [26]; 

As soon as four of these criteria occur a laboratory testing is to be considered to 

verify suspected diagnosis. This mainly happens via µ-capture ELISA and indirect 

immunofluorescence test detecting hanta virus IgM as well as IgG antibodies. 

Contrary to IgG antibodies, which are traceable after some weeks, patients 

produce specific virus IgM antibodies initially [27]. 

 

 

1.5	Differential	Diagnosis	

Regarding these symptoms it is important to check for similar diseases and to sort 

out cases such as haemolytic uremic syndrome, sepsis with disseminated 

intravascular coagulation, crescentic glomerulonephritis, leptospirosis, HELLP 

syndrome or Ebola virus disease. 

 

Haemolytic-uremic syndrome 

Like Hanta virus infection HUS shows thrombocytopenia, proteinuria, high 

creatinine level and elevated lactatdehydrogenase. Endothelium damage leads to 

excessive consumption of thrombocytes and microthrombi with angiopathy. But 

also anaemia under 8 gram per decilitre is typical. Typical and diagnostic are 

fragmentozytes or schistozytes. Just one patient has been excluded because of 

HUS.  

 

Sepsis with disseminated intravascular coagulation 

Sepsis is characterized as coagulation created by intravasal activation of blood 

clotting which leads to exhausted coagulation factors and decreased platlets. High 

bleeding tendency is the result. Anuria and renal failure with fever complicate the 

diagnostic distinction. In most cases anaemia is the result.  
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Ebola virus 

Similar to hantavirus, Ebola virus infection appears with petechia, mucosal- as well 

as conjunctival bleeding, haemorrhagic fever, and lytic infection of renal 

endovascular cells. However, it implies a travel anamnese in the past 2 months. It 

is diagnosed just in high security laboratories in Hamburg and Marburg. 

 

 

1.6	Pathology	

The hantavirus’s targets are endothelial cells. Their damage results in a barrier 

disorder. Thus, inflammationary cells with mediators as well as blood reach the 

extravascular space. Since this happens mainly to the smallest vessels, the kidney 

is predestined. The tissue is able to swell up to twice the weight. The level of 

pathology highly varies. Only 10% of patients suffer from nephropathy [25]. 

 

 

1.7	Clinical	Therapy	and	Prevention	

For the most part the patients complaints are subclinical. Others are treated by 

wait and see. However it can even happen that dialysis and oxygenation are 

needed to prevent organ failure. Currently there is no Hantavirus vaccine [25, 26]. 

Therefore the focus is on enlightenment and preventing the widespread 

appearance. This could be achieved by having no contact with mice.  

 

 

1.8	Leading	Question	

This rises the question of the actual cause of this disparity between clinical 

courses. As nephrotoxic drugs show similar pathogenesis and are prescribed to 

patients having these symptoms including the rise in creatinine a correlation is 

obvious and suggests itself [6]. Since persons concerned are mainly limited by 
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pain they try to treat it symptomatically. Usually NSAIDs are called into action. 

Practical doctors are fond of prescribing these generously. Additionally you can 

buy it without prescription and over the counter at every pharmacy.
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2	Patients	and	Methods	

2.1.	Patients	

2.1.1.	Kind	of	Study	

This is a retrospective study design in style of a case-control design. Hantavirus 

infection is diagnosed usually rather late. Ensuing from AKIN levels we want to 

check whether and to what degree analgesic drugs were given to patients. In 

addition, we used also the maximum serum creatinine to quantify the kidney injury.  

 

Right at the beginning of hospitalisation you can put patients in different groups of 

kidney damage using laboratory findings. The level of creatinine can be found in 

the hospital’s SAP-system. Examining medical records and anamnesis we figured 

out which and what amount of drug each patient was given to.  

 

 

2.1.2.	Time	of	Study	

The study’s process including research and assessment lasted from July 2012 to 

August 2015 and involved all patients listed at the institute for virology with 

Puumala hantavirus infection.  
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2. 

Figure 2: This figure of the R
obert K

och Institute’s epidem
iological bulletin 25/2012 dem

onstrates the seasonal but 

sporadic occurrence of hantavirus diagnoses in germ
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antavirus desease: hint of rise in case num

ber. R
obert K

och 

Institute’s epidem
iological bulletin 25/2012: 79-86) 
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2.1.3.	Number	and	Selection	of	Patients	

Over the time of 8 years, namely April 2004 to September 2012 a total of 160 

patients data were gathered having Puumala IgM antibodies. The ethical 

commission of University Ulm approved this retrospective study of hantavirus 

infection and medication (number 58/13, 132/15). However, in the beginning we 

additionally wanted to call patients and ask them about their medication. But the 

ethical commission prohibited this procedure unless we get the patients approval 

by writing before the phone call. Nevertheless experience has shown that this is 

too much work for patients to do.  

 

 

Each patient represents one case and one observation unit. Independently of one 

another. Every patient will be a part of this study, who meets following criteria: 

- listed on the hantavirus infection list of institute for virology  

- fulfilling AKIN level 0 to 3 criteria 

- enough data to be examined 

- no pregnancy 

- no therapy with corticosteroids 

- no other nephropathy 

- less than 5 co-diseases 

The institute for virology handed out a list of names, date of examination, 

residence and birthday. Starting from this information we looked in the hospital’s 

SAP-software for further necessary data like laboratory findings, medical records 

and anamnesis. The patient data were anonymously made and recorded in a 

spreadsheet program (Excel). 

  

As soon as the patients get transferred to the hospital, their blood sample will be 

analysed. Creatinine level and other parameters are recorded. The institute for 

virology shows evidence of Hantavirus using ELISA and indirect 

immunofluorescence test. The urine output is recorded in patients’ charts. Doctors 
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change medication if needed and the patient’s condition usually improves. 

Particular severe cases are additional treated by dialysis. 

 

 

2.1.4.	Patients’	Data	

All data somehow relating to hantavirus infection was recorded. In this dissertation 

analysed information was noted as follows: 

The residence to identify the regional outbreak. The job to confirm that it is a risk 

factor. The examination date to see what months are more frequently. Hospital 

stay to find out severe cases. Co-morbidity to filter out patients who have 

symptoms due to other reasons. Proteinuria and urea to confirm the kidneys’ 

injury. Haemoglobin to filter out differential diagnosis like described above. 

 

 

2.2.	METHODS	

2.2.1.	Collecting	Data	

To get useful data we contacted the hospital’s centre of information and 

communication. It handed out a so called “etoken“ to access the hospital’s SAP 

patient organising software. To do this we also need a vpn-client as well as the 

software “Citrix Xenapp“. We got both from the EDV-section on an usb-stick after 

application for permission. With username and password of each software it was 

possible to access P11 and SAP GUI. Fortunately we were able to get all data 

from laboratory findings, medical reports and patient records required to do this 

study. Albeit some patients were counted twice or more, some were spelled 

wrong, misspelled cases, not integrated to the system, documented poorly or even 

were taken for somebody else. Others had up to 10 operations and therefor 

couldn’t be included into study. As well as those who had plenty co-diseases.  
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2.2.2.	Patients’	Data	

Table 2: To acquire the patients’ data in a way it can be collated to each other we 

had to define a schema. Using this schema we browsed each patient in the same 

way. Therefore laboratory value had to be evaluated as well as core respectively 

clinical data of physicians’ letters 

CORE DATA CLINICAL DATA LABRATORY FINDINGS 

name AKIN level creatinine 

residence Paracetamol medication urea 

date of birth Ibuprofen medication urinary excretion 

weight Diclofenac medication proteinuria 

BMI other NSAID medication GFR 

job co-morbidity number of thrombocytes 

examination date  haemoglobin 

hospital stay   lactate dehydrogenase 

anamnesis   

 

 

2.2.3.	Classification	

To figure out whether and to what extend drug usage correlates with the level of 

kidney injury, we had to define kidney injury. The “Acute Kidney Injury Network“ 

nephrologists unified as follows: 

 

Table 3: Using the AKIN levels is an established registry to determine the 

incidence and prevalence of acute kidney injury among patients. It assesses the 

relationship between timing, severity and cause of acute kidney injury. The 

increase in serum creatinine within the timeframe of 48 hours defines the levels of 

AKIN (Acute Kidney Injury Network). It is a futher development of the former 

RIFLE levels to simplify as well as to make acute kidney injury more comparable.  

AKIN 0 Baseline/physiological creatinine level  

AKIN 1 Increase in serum creatinine of more than or equal to 0.3 mg/dl (≥ 26.4 
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µmol/l) or increase to more than or equal 150% to 200% from baseline 

AKIN 2 Increase in serum creatinine to more than 200% to 300% from baseline 

AKIN 3 Increase in serum creatinine to more than 300% from baseline (or 

serum creatinine of more than or equal to 4.0 mg/dl (≥354 µmol/l) with 

an acute increase of at least 0.5 mg/dl (44µmol/l)) 

 

 

AKI or formerly acute renal failure (ARF) is the rapid loss of kidney function, 

occurring over hours or days and resulting in the accumulation of metabolic waste 

products and the dysregulation of extracellular volume and electrolyte 

homeostasis [1]. 

 

 

2.2.4.	Target	Dimension	DDD	

Since the amount of drugs given is important, the defined daily dose represents 

target dimension for drug usage. Its WHO definition is: “The ddd is the assumed 

average maintenance dose per day for a drug used for its main indication in 

adults“. We therefore calculate: average dose per day multiplied with days. The 

defined daily dose is the most common used dimension in scientific publications 

and is used to compare drug consumption objectively worldwide. In this study we 

did use it for each drug as well as for the entire group of drugs.  

 

The amount of NSAIDs uptake was quantified by the defined daily dose DDD (0 / 1 

/ 2 / > 2). The DDD > 2 means that the drug was taken with a number > 2 per day 

or 1 pill was taken for at least more than 2 days. The group selection had to be 

quantified like this as no more information was given. During this disease’s rapid 

progress patients usually contact their general practitioner every few days. Thus 

the pharmacological therapy is reevaluated every meeting. Either no improvement 

is seen and NSAIDs are cancelled or patients continue self medication. Thus just 

either no, 1 day, 2 days, or more than 2 days (= uptake ”as required” the following 
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days) gets filed in medical and patient records. Unfortunately the difference 

between 3 DDD and more DDD could not be considered and therefore is lost due 

to lag of information.  

Finally, we also compared patients with NSAIDs to patients without analgesic 

consumption.  

 

 

2.2.5.	Gender	

Pharmacologicals have different influence on women and men. Uptake, 

distribution, metabolism, impact, and side effects vary. Women’s bodies usually 

have comparatively more fat and less water. Thus the distribution volume and 

bioavailability also differ. Whereas women have longer therapeutical effects of 

lipophilic drugs, higher serum level of hydrophilic drugs and a greater CYP3A4-

activity, men have more weight, muscles, higher glomerular filtration rate, 

creatinine clearance and higher CYP1A2, CYP2C19, CYP2D6 activity [11]. 

Women and men also undergo a disease’s different awareness regarding its 

frequency and symptoms [47]. 

Normally there are more men than women in medical studies due to the possibility 

of pregnancy, hormonal cycle, ethical reason, legal reason and the pill’s 

interactions. The female sex is a general risk factor for pharmacological side 

effects [37]. Nowadays drug companies have to interrogate with studies and to 

report to the „Bundesoberbehörde“ the possible different effect on women and 

men of their new released drug. Despite higher incidence in men a higher fatality 

rate for women was observed in patients with HFRS in China and with NE in 

Sweden [22]. 

However no crucial differences in the symptoms, course or severity of hantavirus 

disease between infected men and female were observed in other studies [24] 
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2.2.6.	Age	

The aging kidney undergoes a number of important anatomic and physiologic 

changes that increase the risk of acute kidney injury (formerly acute renal failure) 

in the elderly [1].  

Anatomic changes in the aging kidney are: 

• Loss of renal mass 

• Glomerular drop out and glomerulosclerosis 

• Diminished glomerular filtering surface areas 

• Thickened glomerular and tubular basement membranes 

• Decreased tubular size and number 

• Increased tubulointerstitial fibrosis 

• Decreased afferent arteriolar luminal area 

• Increased arteriosclerosis 

 

Physiologic changes in the aging kidney 

• Decreased renal blood flow  

• Decreased glomerular filtration rate 

• Diminished urinary concentration and diluting ability 

• Diminished capacity for sodium conservation 

• Decreased plasma renin and aldosterone levels 

• Decreased prostaglandin production 

• Increased vasoconstriktive response to stimuli (e.g. volume depletion) [1] 

 

Acute kidney injury has consistently been associated with increased morbidity and 

mortality [4]. Proportionally more bodyfat, less serum volume and albumin 

concentration results in increasing effectiveness of hydrophilic drugs and 

prolonged effect of lipophilic drugs. About 40% less mass of liver und 50% less 

liver perfusion also effect biotransformation. A drug acculutation with high first 

pass effect is the result. The decreasing activity of enzyms and inducability is not 

yet fully discovered. Dehydration and diuretics worsen renal function.  
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Polypharmacy also effects the eldery relatively more, too [39]. 

Multiple studies have shown that the elderly are more susceptible to developing 

acute kidney injury as well as having worse outcomes [41]. The older the patient 

the higher is the incidence of acute kidney injury. We therefore had to find out 

whether the age is responsible for the differences in acute kidney injury and not 

the defined daily dose of NSAIDs. Other studies did not show a correlation 

between age and creatinine level in patients with Hantavirus Infection [17]. 

 

 

2.2.7.	Body	Mass	Index	

An increased body mass index is a particular risk factor for patients with reduced 

renal function. Beside increased risk of albuminuria and glomerulosclerosis, 

several active proteins generated in the central adipose tissue, such as leptine, 

proinflammatory cytokines, plasminogen activator inhibitor-1, angiotensinogen, 

and growth factors (transforming growth factor- beta1), as well as decreased 

levels of the protective adiponectin, may contribute to renal injury [44, 29]. 

 

 

2.2.8.	Lactate	Dehydrogenase	

Capillary leakage is a hallmark of Hantavirus Infection. Patients have an 

inflammation of kidney tissue. Elevated levels of serum lactate dehydrogenase, 

indicative of cellular damage, are observed in patients. This shows that the cellular 

membrane integrity is lost during infection [23]. An elevated LDH might also 

indicate haemolysis and thus HUS.  

 

 

2.2.9.	Thrombocytopenia	

During the prodromal phase thrombocytopenia seems to be one of the first 

appearing objective parameters. Platelets are produced by mature 
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megakaryocytes that develop during megakaryopoiesis. Hantavirus replicates in 

differentiating megakaryocytic cells resulting in upregulation of HLA class 1 

molecules, the target structures for cytotoxic T-cells. This is a possible answer on 

why the number of thrombocytes can decrease in Hantavirus nephritis [31]. Thus 

thrombocytopenia could predict a severe course of acute renal failure in 

nephropathia epidemica, with potential value for risk-adapted clinical disease 

management [43]. 

 

 

2.2.10.	NSAIDs	

Nonsteroidal antiinflammatory drugs can induce interstitial nephritis. Acute 

interstitial nephritis is characterised by the occurrence of inflammation in the 

interstitium with clinical symptoms of hypersensitivity reaction. Most of the time it is 

reversible. Acute interstitial nephritis is a rare form of kidney injury. Just 2-3% of all 

biopsis show acute interstitial nephritis [36]. 

Histologically there is lymphocytic interstitial infiltration including eosinophiles and 

plasma cells. Interstitial granuloma and vascular destruction with interstitial 

bleeding are possible as well. In contrast to the bacterial pyelonephritis there are 

no neutrophils what allows us to make a precise distinction. Macroscopically there 

is scarring which can be seen by medical imaging. This is due to fibroblasts 

stimulated by platelet derived growth factor and transforming growth factor ß. In 

large studies with over 100 patients the acute interstitial nephritis was in 71% of 

cases triggered by drugs [2]. 

A study showed a 2.5 times increased risk of kidney function loss by paracetamol 

as well as acetylsalicylic acid [10]. Acute kidney injury occurs between days and 

weeks after drug consumption. Discontinuing the drug the kidney function 

recovered in 70% of cases [15]. Other authors also examined that discontinuing 

the drug caused the kidney function to recover in most cases [18]. 
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3.	Results	
A total of 160 patient records were analysed. 115 patients were included in this 

study. Of all included patients the use of NSAIDs was mentioned in the records of 

65 cases. Specifically no use of NSAIDs was mentioned in the records of 50 

cases.  

 

 

3.1.	Correlation	between	use	of	analgesics	and	loss	of	kidney	function	

First of all we checked if analgesics affect the kidney’s function at all. Therefore we 

compared the median maximum serum creatinine of patients with analgesics 

consumption to patients without any. While non users had a maximum serum 

creatinine median of just 196 ymol/l, the analgesic users had a number nearly 

twice as high with a maximum serum creatinine median of 364 µmol/l. This 

difference is significant with a level of p = 0.0016, unpaired T-test. 
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Figure 3: Boxplot no analgesics versus analgesics. Analgesic use and maximum 

creatinine in patients with hantavirus nephritis. Maximum serum creatinine was 

significantly higher in 65 patients having taken analgesics than in 50 non-users. 

NO = no ibuprofen, no diclofenac, no paracetamol (= acetaminophen). YES = use 

of ibuprofen, diclofenac or paracetamol (= acetaminophen). 

 

 

3.2.	Direct	link	of	elevated	serum	creatinine	and	increasing	DDD	

To examine more precisely the correlation between the NSAIDs uptake and loss of 

kidney function, we created four DDD groups (Figure 4). 
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Figure 4: direct link of serum creatinine and analgesics use. This graph shows the 

higher the quantity of DDDs, the higher is the maximum serum creatinine 

 

 

Table 4: Figure 4 descriptive data of the 115 recorded patients 

 age LDH Thrombocytes DDD BMI CreaMAX 

mean 39 273 117 1,34 31 346 

standard 

deviation 

14 65 40 1,40 12 242 

minimum 8  6 1 10 62 

maximum 78 672  3+ 88 1060 

 

3.3.	Multivariate	linear	regression	AKI	stages	versus	NSAIDs’	consumption	

To check if there is just the NSAIDs uptake influencing the patients outcome 

based on AKI stages, we had to rule out the influence of the other variables age, 

gender, BMI, thrombocytopenia and lactatedehydrogenase. Influencing variables 
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were DDD, age, BMI, LDH, gender and thrombocytopenia. These variables impact 

on the kidney’s function. The dependent variable is the AKI stage that represents 

the kidney function. We used the software SPSS Statistics of IBM, entered all data 

and calculated a multiple linear regression. The following numbers is the result.  

 

 

Table 5: Descriptive statistics. In this table you see the mean and standard 

deviation of each variable. N represents the number of cases. AKIN = aute kidney 

injury network, DDD = defined daily dose, BMI = body mass index, LDH = lactate 

dehydrogenase. 

 mean standard deviation number of cases 

AKIN 1,75 1,161 115 

DDD 1,34 1,401 115 

age 39,40 14,472 115 

BMI 31,27 12,754 115 

LDH 273,90 64,999 115 

sex f/m 1,34 0,475 115 

thrombocytopenia 117,65 40,120 115 
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The graph is supposed to give a breve visual orientation. This forest plot 

demonstrates graphically the meta-analysis results. The diamonds picture each 

study’s result. The scatter range of measured data is symbolized by the horizontal 

lines. Therefor it is like a modified boxplot. 

 

 
Figure 5:  

Forest plot of possible risk factors for acute kidney injury (AKI) in patients with 

Hantavirus nephritis. Standardized coefficients with 95% confidence intervals are 

estimated by multivariate linear regression analysis. DDD = defined daily dose of 

paracetamol (= acetaminophen) or ibuprofen or diclofenac (= NSAIDs). Age = 

years. BMI = body mass index. Thrombocytopenia = platelet count. Tissue 

damage = cell death by lactate dehydrogenase quantity.  Length of hospital stay = 

days.  
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3.4.	Multivatiate	linear	regression	max.	serum	creatinine	versus	NSAIDs’	uptake	

 

Since the Acute Kidney Injury stages of the Acute Kidney Injury Network picture 

the kidey’s function yet are not a continuous variable we choose to do also a 

multiple linear regression with maximum serum creatinin. This is a continuous 

variable and also represents the kidney’s function.  

 

 

3.5.	Cases	with	analgesic	use	are	compared	to	non	users	

To test for the influence on AKI of the other variables age, BMI, Thrombocytopenia 

and lactatedehydrogenase we calculated the mean, standard deviation and 

significance of each variable.   
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Table 7:  

P
atients w

ith hantavirus nephritis (N
 = 115). C

ases w
ith analgesic use are com

pared to non-users. N
O

 = no ibuprofen, 

no diclofenac, no paracetam
ol (= acetam

inophen). Y
E

S
 = use of ibuprofen, diclofenac or paracetam

ol (= 

acetam
inophen). The m

ean values are stated w
ith one standard deviation (± S

D
). 

  

 
N

O
 A

nalgesics 
YES A

nalgesics 
Significance (P value) 

N
um

ber N
 

50 
65 

 

A
ge (years) 

39.6 ± 14.5 
39.23 ± 14.59 

0.2022 

B
M

I (kg/m
2) 

32.2 ± 15.7 
30.4 ± 23 

0.4862 

Throm
bocytes (G

/l) 
115 ± 43 

119 ± 38 
0.6368 

LD
H

 (U
/l) 

270 ± 47 
277 ± 78 

0.2132 

M
axim

um
 creatinine (µm

ol/l) 
272 ± 216 

413 ± 247 
0.0016 

D
uration of hospital stay (days) 

6.3 ± 2.6 
7.2 ± 3.3 

0.001 
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3.6.	Number	of	Patients	distributed	to	AKIN	levels	

In the next step we tried to get more specific information on how patients are 

represented in each stage of acute kidney injury as well as on their amount of 

medication. Most patients did either take no analgesics at all or if they took a great 

amount. The most represented acute kidney injury stage was number 3 with 43 

patients. Followed by AKI stage 1 with 25 patients. 24 patients had acute kidney 

injury stage 2 and 23 patients stage 0. Thus most patients had a severe kidney 

injury.  

 

 

 
Figure 6: 

Case frequency distribution of the different defined daily dose levels. The colors 

represent the different levels of kidney injury. 
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3.7.	Different	Agents	

In our study paracetamol had the worst outcome, followed by ibuprofen and 

diclofenac. 65 patients had consumed analgesic drugs: 35 had taken paracetamol 

(= acetaminophen), 24 ibuprofen, 4 diclofenac and 7 a combination of those three 

while 2 patients took another NSAID, 50 did not consume analgesics. 

 

 

3.8.	Hospital	Stay	

The average duration of the hospital stay was 7.2 days for NSAID patients, 

whereas the other patients spent 6.3 days in hospital. There is a significant 

correlation between hospitalization duration and maximum serum creatinine level 

with standardized regression coefficient = 0.299; CI-95% = 0.088: 0.153; p = 

0.001. 
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4. Discussion 
We found a clear correlation between extend of kidney damage and amount of 

analgesic use in patients with hantavirus nephritis. No patient died and case 

mortality was zero. Two cases used hemodialysis treatment. Instead of a time-to-

event analysis as proposed in Suzuki [46] we evaluated the duration of hospital 

stay as an indicator of the severity of desease, an independant risk factor for acute 

kidney injury. 

 

 

4.1.	Type	of	Study	

In the last 10 years there has been an extraordinary occurrence of hantavirus 

infection in the region Schwäbische Alb. It is not likely to continue like this. 

Moreover there is an absence of reliable tools to predict epidemics [16]. Thus it 

had to be taken advantage of the situation to examine this data and therefore to do 

a retrospective study. Additionally, since most of the patients have pain medication 

already at home, NSAIDs are usually taken before patients see doctors. Thus 

therapy starts before diagnosis. This makes it impossible to do a prospective study 

like the ethical commission suggested at first. 

 

 

4.2.	Ethical	Commission	Vote	

In order to get all information regarding the patients’ drug consumption we wanted 

to phone the patients and do a short standardized questionnaire. The university’s 

ethical commission disapproved this mobile contact without given written notice 

and the patients’ written consent. 

In a test phase were we tried to contact the patients; but this was too much to ask 

for and most of the patients could not answer. Thus laboratory findings, medical 

reports and patient records were the only information we used. Fortunately 
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anamnesis questionnaire and medical reports provided enough information to 

realize this study. However there were a few cases where mobile contact would 

have been needed. These patients had to be excluded due to lag of information.   

 

4.3.	Variables	

4.3.1.	Variable	maximum	serum	creatinine		

AKIN stages are defined in maximum serum creatinine and therefore this 

labaratory finding had to be a variable. 

  

4.3.2.	Variable	DDD	

The analysis showed a significant correlation between the NSAIDs used measured 

as DDD (mean DDD 1,34) and maximum serum creatinine level (p < 0.0005). The 

more drugs taken the worse the kidney injury. It is the only variable that shows a 

significant correlation. This confirms our suspicion that there has to be a reason 

why patients’ course of disease differs that much. And this reason is the overuse 

of NSAIDs. 

 

4.3.3.	Variable	Age	

The patients’ average age was 39 years. The range was from 8 to 78 years. This 

seems uncommon since renal failure is usually a disease of the elderly [3]. 

Polypharmacy also affects the elderly relatively more often [32]. No correlation 

between the age and the extend of renal failure has been found. Apparently 

people of all ages are hit by this disease. This rather low average age 

demonstrates that variable age doesn’t carry weight. It came to surprise given the 

kidney’s age vulnerability. As in other studies, pediatric patients with severe fever 

and thrombocytopenia syndrome seem to have less subjective complaints and a 

less aggressive clinical course [52]. 
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4.3.4.	Variable	Body	Mass	Index	

The average body mass index was 31 kg/m². The maximum BMI was 88. 

Regarding the populations average body mass index of 27, weight doesn’t seem 

to be the reason why patients’ course of disease differ that much [9]. 

 

4.3.5.	Variable	Lactate	Dehydrogenase	

The maximum lactate dehydrogenase was 672 U/L. It was also important to note 

the elevated LDH since haemolytic uraemic syndrom is a differential diagnosis if 

LDH is more than 225 U/L, thrombocytopenia less than 60 000 and haemoglobin 

under 8 g/dl. However, HUS was excluded in all cases. 

 

4.3.6.	Variable	Gender	

In this study 39 women and 77 men were recorded. Ordinaryly women are more 

likely to be striken by renal failure. Additionally women tend to have more intense, 

longer-lasting pain [12]. A turkish study of 2014 showed that the disease mortality 

rate is higher in the female gender [21]. Thus it came to surprise that men are 

affected twice as much. 

A possible explanation besides more contact with mice could be the women’s 

different receptor affinity, receptor frequency and pain conduction [51,12]. 

 

4.3.7.	Variable	Thrombocytopenia	

No connection between platelet count and the extend of kidney injury was found (p 

= 0,287). However, 62 of 115 patients had a platelet count under 150 Giga/l. The 

same result was found in a study in South Korea [53] although it is another 

subtype of hantavirus. A previous study of 15 patients from our region 

demonstrated a relation between thrombocytopenia less than 60 000 and severe 

renal failure following four days later [43]. This means thrombocytopenia appears 

predictive of acute renal failure in nephropathia epidemica. 
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However, about half of our patients with thrombocytopenia less than 60 000 were 

in AKIN stage zero (minimal platlet count 6 000). Despite the studies’ different 

number of cases, this difference should be examined in future studies. 

 

 

4.4.	Additional	Data	

As our patients were only infected with puumala type hantavirus the study doesn’t 

allow to draw interference to other hantavirus types. At first glomerular filtration 

rate and proteinuria were considered to be variables too, but both just mirror the 

kidney’s function less precise than creatinine level or AKIN stage. Urea is 

considered to be a valid kidney function marker as well. Unfortunately the doctors 

didn’t ascribe importance to it in doctors letters’ like they did with creatinine. 

 

We also noted the patients’ residence since former studies assumed that the 

Donau appears to be a barrier [27]. As plenty publications proved this fact there 

was no more need to verify. Hospital stay and examination date are data which 

can be useful for future studies. That’s why they were noted, too. Many studies 

showed an agricultural job predestinates for this infection. There was no need to 

prove it either [27].  

 

 

4.5.	Results	Discussion	

 

4.5.1.	Correlation	between	use	of	analgesics	and	loss	of	kidney	function	

The maximum serum creatinine was significantly higher in patients having taken 

analgesics than in non-users. The boxplot maximum serum creatinine users 

versus non users compares the mean maximum creatinine of patients who didn’t 

take any analgesics at all to patients that did.  
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There is no doubt that NSAIDs worsen kidney function. But it is debatable to what 

extend. Muriithi wrote that compared to other drugs like proton pump inhibitors and 

antibiotics, NSAIDs deteriorate kidney function not that much [40]. Moreover there 

are studies talking of an unimportant transient reduction of renal function [30].  

However other studies show that initially healthy patients treated with NSAIDs 

develop AKI in more than 9 per cent [38]. Our study shows a very important effect 

on renal function. Maximum serum creatinine rose up to 364 µmol/l compared to 

196 µmol/l by non-user. This is a dramatic difference. It props the thesis of a 

predamaged kidney tissue that is far more susceptible to NSAIDs side effect.   

However there was no distinction on different other agents. It is just a comparison 

of a groupe of NSAIDs consumption comprising ibuprofen, diclofenac and 

paracetamol to no NSAIDs. Nevertheless satistic shows that there is a significant 

difference of maximum creatinin serum level. 

 

 

4.5.2.	Direct	link	of	increasing	serum	creatinine	and	increasing	DDD	

Graph 3.4 illustrates the higher the quantity of analgesics DDDs, the higher is the 

maximum serum creatinine. A clear trend is shown by the continuing increasing 

serum creatinine with rise of DDD numbers. The less DDD the less the maximum 

serum creatinine, the more DDD the higher the creatinine level. However in the 

documents the amount of drugs is recorded precisely yet not exactly for what time 

period patients consumed analgesics. Thus it was only possible to create the 

cohorts DDD0, DDD1, DDD2 and DDD3+. Just these data were given. The more 

nephrotoxic drugs on an infected and inflamed kidney tissue the more dysfunction 

the higher the maximum serum creatinine. A healthy kidney instead seems to 

tolerate these drugs better [30]. Nevertheless 4 gradings of DDD are enough to 

reveal a trend and a direct link between increasing DDD and increasing maximum 

serum creatinine in hantavirus infected patients. 
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4.5.3.	Multivariate	linear	regression	AKI	stages	versus	NSAIDs	consumption	

Except of the DDD the variables thrombocytopenia, age, gender, LDH and BMI 

showed no significant correlation to AKI stages. This forest plot demonstrates 

graphically the meta-analized results. The diamonds picture each study’s result. 

The scatter range of measured data is symbolized by the horizontal lines. Therefor 

it is like a modified boxplot. 

AKI stages are not a continuous characteristic.  Moreover to define AKI stage you 

need at least three different creatinine levels that picture a slope. Depending on 

laboratory testing time this may vary. Anyhow AKI stages were created by the 

Acute Kidney Injury Network to classify acute kidney injury since it has a good 

clinical accuracy [8]. Keeping this in mind kidney injury correlates neither with 

thrombocytopenia, age, gender, LDH, BMI but only with use of NSAIDs.  

 

 

4.5.4.	Multivariate	linear	regression	of	serum	creatinine	versus	NSAIDs	consumption	

The variables thrombocytopenia, age, gender, LDH and BMI showed no significant 

correlation to maximum serum creatinine level in contrast to DDD of analgesic 

drugs. Unlike AKI stages maximum serum creatinine is a continuous 

characteristic.  

However, the maximum serum creatinine just is a number of one point in time, the 

kidney’s function at this specific moment. Moreover it is debateable whether serum 

creatinin alone is enough to picture the kidney’s function. The addition of cystatin 

C would increase accuracy [45]. Unfortunately cystatin C is too expensive and 

therefore hasn’t been tested. The AKI stages instead picture a time span within 48 

hours of kidney’s function. Both multivariate regression analysis disclosed the 

same result: The DDDs of analgesics used was the only significant risk factor of 

either AKI or maximum serum creatinine.  

This forest plot sums up the studies results and proves the Hypothesis.  
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4.5.5.	Cases	with	analgesic	use	are	compared	to	none	users	

The comparison of none-users versus users lead just to a change of maximum 

serum creatinine level. All other variables didn’t change much. However our 

patients just were symptomatic patients. It is possible that there are Hantavirus 

infected patients consuming NSAIDs without going to hospital. These rarely see a 

doctor out of hospital, of course. Thus it is questionable weather a conclusion can 

be drawn without asymptomatic Hantavirus infected patients. A study from 2012 

showed that ibuprofen and diclofenac result in increasing serum creatinine levels 

in nephropathia epidemica [50]. Another study also claims NSAIDs used to be 

associated with an increased risk of chronic kidney disease [19]. However, many 

publications suggest that the amount of analgesics taken does not carry weight at 

all [6]. 

 

 

4.5.6.	Number	of	Patients	distributed	to	AKIN	levels	and	DDD	quantities	

Graph 3.3. demonstrates the cases’ frequency distribution of the different DDD 

levels. The colours represent the different levels of kidney injury. The fewer the 

Definded Daily Dose of NSAIDs the lower the Acute Kidney Injury Stage. The 

more Defined Daily Dose of NSAIDs the higher the Acute Kidney Injury Stage.  

The graph illustrates the obvious correlation between NSAIDs and severe kidney 

injury like a dichotomous shape. On the left side the more healthy patients with no 

NSAIDs and on the right the more severe stricken patients with large NSAIDs 

intake.  

However for the most part of cases it is either a very mild kidney injury or a very 

severe one. It is not evenly distributed. Additionally in some cases with none or 

one Defined Daily Dose severe kidney injury also appeared what contradicts our 

hypothesis. Moreover it is debateable that 115 cases is enough to prove the 

hypothesis. 

Nevertheless there is no other study on NSAIDs and Hantavirus nephritis with that 

many cases of this disease.  
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4.5.7.	Different	Agents	

Surprisingly the lipophilic paracetamol is responsible for damaging the rather 

hydrophilic kidney’s catabolism by far the most. One study of Maser sees some 

possible explanations. The pathophysiology of renal toxicity of acetaminophen has 

been attributed to cytochrome P-450 mixed function oxidase isoenzymes present 

in the kidney [34]. However it was also paracetamol that has been consumed in 

the most cases, probably due to symptoms of fever.  

 

4.5.8.	Hospital	Stay	

Instead of a time-to-event analysis as proposed in Suzuki [4] we evaluated the 

duration of the hospital stay as an indicator of the severity of disease, an 

independent risk factor for acute kidney injury. The average duration of the 

hospital stay was 7.2 days for NSAID patients, whereas the other patients spent 

6.3 days in hospital. This duration could represent the severity of the disease. It is 

debatable whether DDD is a cause of or marker for more severe disease. 

Furthermore, the duration of the hospital stay could be the consequence of either 

the DDD or the more severe disease. Our study cannot answer these questions. 

 

4.6.	Possible	Study’s	Flaws	

Not all data were provided by the laboratory of University Ulm. Some patients were 

transferred from other hospitals with laboratories. Thus the laboratory findings 

can/may differ. 

Since medical reports are made by different persons they do have varying quality. 

Some physicians attach importance to some information while others don’t. 

A lot of data were provided by patients’ records. These records are made by either 

physicians or students. Contrary to physicians, students do have more time to get 

a lot of patients’ information like all kind of drug consumption in the past weeks or 

month. On the other hand the physicians mostly have better background 

knowledge on how to determine relevant information. But in some cases the 

patient record wasn’t completed at all or rather poorly. 
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As varying as the patients’ record so is the patients’ co-operation. Some patients 

give and are able to remember more information than others. Some don’t know the 

drugs they took. Self medication without the physician’s advice was an issue as 

well. Thus is was difficult to quantify. To do a prospective study, however, will be 

hard to realize in such an insidious disease like Hantavirus nephritis. 

 

 

4.7.	Conclusion	

Since all other variables didn’t relate to the extend of kidney injury, it is most likely 

that the amount NSAIDs taken is responsible for AKI. Plenty studies show how 

NSAIDs worsen even healthy kidney function. So it was not difficult to blame 

NSAIDs for this question. Nevertheless many publications suggest that the amount 

NSAIDs taken doesn’t carry weight at all [27]. 

 

In patients with suspected Hantavirus infection, pain should not be treated with 

NSAIDs. Other non-nephrotoxic analgesics like metamizol could be used. To loom 

large general practitioner should get informed to be aware of suspected symptoms 

and consider other pain medication in this area. This seems to be new and 

relevant information. There have been just a few studies that focused marginally 

on this issue. No study had an explanation for the patients’ different course of 

disease. Severe cases of renal failure might be prevented in the future.  

 

In the future there could be a prospective study that documents the patients’ 

course in the clinic using no NSAIDs but metamizol to verify the hypothesis. 

During data acquisition we saw some cases confirming this.  
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Practical Proposal 

 

Sehr geehrte Hausärztinnen und Hausärzte, 

im Falle einer erneuten Hantavirusepidemie wollen wir, die Nephrologie der 

Universitätsklinik Ulm, Sie auf folgendes aufmerksam machen: 

Bei Patienten mit Symptomen wie hohem Fieber, unspezifischen grippeähnlichen 

Kopf- und Muskelschmerzen sowie Flanken- und Bauchschmerzen, bei denen 

eine mögliche Hantavirusinfektion im Raum steht empfehlen wir eine 

Schmerztherapie mit Ibuprofen und Diclofenac zu unterlassen. Stattdessen 

weichen Sie bitte wenn nötig auf Metamizol um.  

 

Mit freundlichen Grüßen  

Ärztinnen und Ärzte der Nephrologie der Uniklinik Ulm 
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5. Summary and Conclusion 
Hantavirus (Puumala type) is endemically and epidemically transmitted by the 

small mouse called bank vole Chionomys glareolus as host animal in southern 

parts of Germany. Painful symptoms like headache, myalgia, lumbago as well as 

thrombocytopenia with macrohaematuria and conjunctival bleeding are symptoms 

of Hantavirus infection. Although nephropathia epidemica is a self-limited disease 

acute kidney injury may occur associated with oedematous tubulo-interstitial 

nephritis. Our hypothesis was that the extent of kidney injury correlates with the 

amount of taken nephrotoxic non-steroidal anti-inflammatory drugs. 

 

Over the time of 8 years, namely 2004 to 2012, we retrospectively and 

exploratively evaluated the clinical course of hantavirus infections in 115 patients. 

All were inhabitants of the geographic area "Schwäbische Alb". Laboratory 

findings and patient records were analyzed. Criterion for an acute Hantavirus 

infection was detection of specific IgM antibodies. The amount of NSAIDs intake 

was quantitated by the defined daily dose (0 – 1 – 2 – 3 and more). 

 

Of the115 patients 38 were women and 77 were males. The mean value for age 

was 39 years (SD 14), body mass index 31 kg/m2 (SD 13), platelet count 117 /nl 

(SD 40), lactate dehydrogenase 273 U/l (SD 65), maximum serum creatinine 346 

mcmol/l (SD 242) and the mean DDD was 1.34 pills per day of NSAIDs (SD 1.4). 

In the multivariate linear regression analysis the DDDs of analgesics was 

significantly associated with the maximum serum creatinine (odds ratio OR = 44; 

CI-95% = 21:67; p < 0.0005). Contrasting to our expectations, neither age, gender, 

body mass, thrombocytopenia or lactate dehydrogenase was identified as 

significant risk factors for the maximum serum creatinine level. 

 

In case of suspected hanta virus infection and pain it is very important not to treat 

symptoms using NSAIDs but other non nephrotoxic analgesics like metamizol. It is 
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our goal to call attention to this preventable thread and to inform family physicians 

in the areas above. 
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