
Kamel. A, A. and Hoda, M. I". Abd-AUa ISSN 1110-7219 

BLOOD GASES. ACID-BASE BALANCE AND SERUM 
ELECTROLYTES CHANGES IN PNEUMONIC BUFFALO-CALVES 

Kamel, A. A. and Hoda, M. L. Abd·Alla 
Anlmul HeatLh Hesearcb InsUtuLe, Zagazig, EgypL 

ABSTRACT 

'The selected anImaL., for the present study were 80 buffalo-calves oj both sexes. 4-8 

months old. 7l<ese calues were subjected to carf'Jul clinical examinations. GO calves 

showed the clinical sings 0] pneumonia. while U1e rest. 20 calves were clillicaUy 

heal!flu. The present cnucstlgatiort airned to study the e:t;:len{ 0] changes ill blood gases, 

aCicJ..buse balance und serum electrolyte values in association with jJllcwHon(a in bt!f 

Jalo-calves. Blood gas tensions, actd-base meusuremen(s and serum electro/ute conccn­

tmttons were determined in '0 pncllntOn(c calves (disea.">ed group) compared witll COP 

responding values oj 10 healthy calLles (contro! group), Blood gas ana!y~Ls reLlealed 

significant deaease (P<O.01) in both blood pH wta o:qJ9cn tension (Paz) while cnrbon 

dioxide tensioll ((?co2[ shou.;ed s/gnljIcam decmase (p<O.Ol). Bicarbonate (Hco~r) lev­

els: tolal carbon dmide (Troy (lnd base c;u:ess (BE) iJl pneumonic cnlves, were in,,'?ig­

niflcalltly affected and still within the normal physiologicallevets. Slgnijlcwll incTense 

rp<O,05J in potassium levels wiUt signif'l.Cant decrease (f'<O.05) it! chloride levels were 

delected in df.seased bulfalo-calves. The oblained data revealed rhat pneumonia in 

calves was associated with disorders in blood gascs, rJeld-base balrmce and eiectrolyte 

"'atucs and that analysis qf blood gases wul acid-base statu.s is ver!! useful in eva!Hat· 

eng the diagnosis and prognosis ojpnCwTiollfQ in calves. 

INTRODUCTION 

1 

Respiratory affections parUcularly pneumonia are confcred to be major problems among buf­

falo-calves, causIng severe economlc losses lhrough rcducUon of weight galn, high morbidity and 

mortality rates (Abd EI-Ghani et at .• 1990: You$$ef et ai .• 1992 and Barrett. 1998). Th('sc af­

fections are a complex interacUOlls between baeterial. Viral infcdlon and ellvlronmenwl slrct;sors 

(Howard. IQ86l. Pasteurella spp .. CorynC'baeteliull1 I}yogens as weil as Staph. nun:us. SttT'11L. 

pyogens and Kcoli are cla!med: to be lht: main badct'lal cau:'iCS responsible j(')r pncmouia In 

('alves (A1~Allawy et al .• 1979 and Elyas, 1982). Para-influenza tYIW 3 (PI3l. illfectious hovlne 

rhinolrachcitis (IBR), nnd respiratory syneyt;c.al virus (RSV} are llluiminaif'd ill the lnclriellce of 
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enzootie pneumonic (Pirie et aI •• 1981), EnvironmentaJ conditions specially cold, damp weather. 

amonta. overcrowding, poor ventilation as well as poor hygienic measures playa role in predis­

posing of outbreaks of n:sp[ralory diseases (Woldehlwet et al •• 1900). 

Balance of blood gases and acid-base status arc critical physiological elileria for tile mainte­

nance of normal function, Blood gas analysis is one of the most important aids tn the diagnosis 

and prognosIs of respiratory compliCatiOn (El~Sebaie et al., 1987 and Abd El-Raof and Hassan, 

1999). Acid·base balance of the body fluids is Important because the chemieal reactions of the 

body being controlled by enzymes are very greally influenced by the changes in pH (Tuker. 

1969), When the pH changes. nonnal metabotlc reactions arc altered and body proecsses are 

impaired. Serious disorders of acid-base balanec occur in several clinical disorders in cattle, 

sheep and goats (HUla, 1974), 

Respiratory system play an lmporlalll rule in regulation of acid-base balancc and blood gases 

through the elimination of carbon dIoxide through the venlilation process (Coles. 1986 and 

Bouda and Jagos, 199n 

Electrolytes and acid-base balance arc interrelated in the body in that the valious anions and 

eaUons participate in physioehemlcal butTering of body fluids against sudden changes in blood 

pH (Simmons. 1962 and Gingerich. 1981). Evaluation of electrolyt.e levels and acid·basc pa~ 

rameters of paUcnt provide necessary information that wlll lead to grC'ut(,:f understanding of the 

nature of disease proees..'<; and guidc linc to lhe way of thl.~rapy (Brobest. 1975 and Robert et 

31 .. 1990). 

The purpose of this investigaUon was to study the extent of changes in blood gases, acid·base 

balance and serum electrolytes values in assocluUon with pneumonia in buffaJo-calves. 

MATERIAL AND METHODS 

TIle sekcll':d animals for the present study were 80 buffalo-calves, 4~8 monUls old unci or bolh 

sexes, relatcd to a private farm in Sharkia GovcrnowlA':. Clinical signs of pneumonia wcre ob­

SCIVLU and r"ccorded in 60 calves, while the rest. 20 buffalo-calves were cHnleally healU1Y unuer 

the same environmental and managemental conditions. TIle laboratory study was !.:unied out on 

10 calves affected with pneumonIa compared wlUl 10 clinically healthy ones. 

From each animal 2 ml sample of Jugular venous blood was collected anaerobically into sy· 

rlnge whose dead spaee had pre.1ously fiUed wIth J /1000 sodium hepann. TI1CSC samples were 

immedialely placed on icc-bath and processed withIn one hour of rollecuon. Blood gases meas­

urements were performed using Coming pH-blood gus analyser Model 168. l1te analyser directly 
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measured al 37°C. blood pH, ear bon dioxide lem;ion (Pea;.! mm.Hg), oxygen tension {po2 

mm.Hgl. Bicarbonate (Hco3 - mmol/L), total carbon dioxide n'c~ mmol/L) and base excess (BE 

mmol/L) were calculated automatically by ill(' same apparatus, 

Another lJluod sampJe i5 mil was collected fom. each animal for obtaining clear scra for the 

dr{emtination of serum electrolyte concentrations. Blood sCI'um sodium and potassiulll levds 

were determined using flame pholornctcr (Corning Model 410) as described by Oser (l979}, Ser­

um eh[ol ide level \Va~ determined according to Freid (1972). The obtained data were staUs[kaHy 

analysed according io Snedecor and Cochran (1982). 

RESULTS 

The most promin('nl clinical signs of pncumonia in ,llTeded ealvcs were mucoid nasa! dis­

charge. cough. anorexia. congested mucous membranes. m::ccleratcd respi(ulion. Auscultalion 

revealed abnormal ehcsl sounds, 

H.csulls of the delel'mlnalions of pH. blood gases and acid-base patamelers were !l1uslratcd in 

Table (1). Mean levels of blood serum electrolytes ill. boll!. heaHhy ano pneumomc buffalo-calves 

were presenled in Tabie (2), 

DISCUSSION 

Respiratory diseases consUl ute a major cause of morbidity and lHortaUty in feedlot mUJe, 

Pneumonia and Olhcr resp-iratmy lract inCecUons were incriminated lo be lhe principle causes of 

all calf death it1 4! % of the herds (Hassan. 1967 and Sayed. 198B), Baeleria, 'viruses and fungi 

arc the main causr"S of sueh diseases. The poor hygicntc env1ronmental condlUons play an jm­

portant role as predisposing factors that asslst in the prevalence of dh;eased conditions (Bryson 

et aI., 1978). 

Close observation (',oncernlng cUnical signs revealed mucoid nasal dIscharge, cough. anorexia. 

eongesicd mucous mcmbrant's, acccieraled respiration and almonl1al tllHg ~ounds on au;;cul· 

lation at diflercot areas of the lungs In the diseased burraro~ealves. 11H~se findings W('l"{: similar 

La those reoorded by Youssef ct 81. (1992): El-Shcikh ct a1. U99 .. ) and Abd El·Raol and Ha&­

san (1999). 

'Ille resplratory .system has a role in the rcgulatlon of aeid~base balance and lhis by reInoval 

of carbon dIoxide from the blood and reduce ihe concentration of carbonic add in Ule blood (Do~ 

nawick and Beaue. 1968 alld Carlson. 1997). 

Diseases W111Ch arc direeUy or IndlrccLly aflecl the fllncllons of [he ("esplr<llory s),s!em alter 

the acid-base and electrolyte L>{llliWn1um of the body. Pneumonia in:crferc with main function of 
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the !lmg mechanism and eonsequently increase In retention of CO2 in blood whlch transfonned 

into carbouic add resulting in respIratory acidosis (Carlson. 1997 and Abd £I-RaGf aDd Has· 

san, 1999). 

In this investigation. Ule results of blood pH. blood gases and acld~base status in buffalo­

calves with pneumonia (Table 1) were sIgnificant decreased (P<O.O 1) in both blood pH and Qxy~ 

gen tension (Po2J. while significant increase {P<O.Ol) in carbon dioxide tension (Pco2) was rccord~ 

ed when oolOpart~d WiUl those healthy ones. Bicarbonate tHeoa ~). tolal CO2 (Tcaz) and base ex· 

cess (BE) values were insignifkantly affccled bul 13tH! within the norma! physiological levels. 

These findings are in close agreemcnt 'kith thosc reporled by (Youssef. 1984; Ve:rhoeff et aI .. 

1985; Linden et al., 1995 and Nagy et aI •• 1998). 

Changes in blood gas values 1n calves suffering from pneumonia revealed that a condition of 

hypoxia was generally noticed among alTectcd calves together with hypercapnia, r!1)C low values 

of p~ could be attributed to disturbances of blood oxygenaUon process in pneumonia as a rc~ 

sult of respiratory diseases (Linden et aI.. 1995). From the physIological mechanisms known to 

cause hypoxia: hypoventilauon or brc.lthing air (or a gas mixture) with a low P02 (Hinshaw and 

Murray, 1980). Hypercapnia has only one cllnieally important cause of alveolar hyp{llfentllaUon 

(Hinshaw and Murray. 1980). HypoventilaUon occurs when not enough fresh air is breathed 

Into alveolar spaces to ralse the pulmonary capillary PO<,l to normal levels and to allow carbon ctjw 

oxl.de to leavc the blood stream (Verhoeff et aI •• 1985). During hypovenUlation. the P02 must 

decrease and tile PC02 must increase (Hinshow and Murray. 1980). 

The faU In blood pH in the pneumonic calves was due to the hypovenUlatioll and interference 

with gascous excbange (Reynolds. 1963), Respiralory aCidosis was observed in dIseased calves 

(lowered values of pH and increased POO2 valUes). ThIs aiteration CQuld be attributed to de­

ereased pulmonary ventilation and retenUon of cxcess of CO2 In blood associated with pneumo­

nia {Coles. 1986 and EI-~ebaJe et cU •• 1987). in pneumonia and bronchitis there was a marked 

Increase In ?co2 va!uesln blood associated with dropping of blood pH values (Alpern. 1967 and 

Brobest. 1975}. The authors declared that such alteration mainly due to Interference in the gas~ 

eoU:j exchange and retained ('~rbon dioxide. 

RespIratory aCidosis occurs as result of failure of the lungs lo excrete C02' The conUnuing 

production of C02 from tissue metabolism rcsults in Increased plasfTh1. eatbon dioXide and car" 

bonk acid and the luUcr was ionized to produce an increased hydrogen ion concentration to" 

wards acidic medium and consequenlly a full in blood pH (Brobest. 1975), In a trial of the body 

Lo rcHcf thc accumulatioll of acids In the blood, the H+ entcrs the cell and the intracellular K 

ions come out. wlucb explains the increases ob::;crved in serum potassium (Coles, 1986), 111C 
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non slgnHleant change in Heo:f values indicated metabolic compensation. Rounghton (1964) 

added that the rcspiratory acidosis usually accompanied wilh partial compensation and con::;c­

quenUy increase in blood HcoJ', 

Regarding the results of clectrolytes values [fablc 2), serum sodium levels showed lnsignifi­

cant decrease. Serum potassium values were sJgnlficantly increased {P<O.05), while serum eblo­

ride levels were slgnlficantly decrcast.-d {P<O.05} in pneumonic calves when compared v.ith the 

healthy ones. These results were similar to those reporLed by El·Sheikh et al. {l994); Abd El~ 

Raof and Hassan (1999) and El~Sebaie et a], (2002). 111e Increase of serum pola::;sium levels 

may be related to the accumulation of acids fH+j in the blood, the H+ inters lhe cell and Ow it}­

lraecllular K+ ions come out (Coles. 1986). The fall in serum chloride levels (Xlutd be due to 111-

cll.'-ased blood bicarbonate (Hc03-) (Rounghton. 1964). 

It was conciuded thal, pneumonia has a great influence on pH, POz and Pcoz value::; rcsulUng 

in hypoxia und respiratory acidosis and analysis of blood gases and add-base status is very use­

ful in evaluating the diagnosis and prognosis in some di::;eases such pneumonia in calve::;. 
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Table (1): Blood gases and acid-base balance ,'alues in both clinically 
healthy and pneumonic buffal<>-cah'es. 

Healtby buffal<>-calves 
, 

Pneumonic buffal<>-calves , , 
, 

Variable 
Mean±S.E Range i\lean±S.E I Range , 

pH 7.3~6±O,OI4 7,2&6-7,4 12 7.~78±O.OI2" 
, 

7,235·7,356 , 

I , , , , , 

Peo, (mm,Hgl 4.6,:!5± 1.4.0 39.9-52.5 55,73±2.2S** !' 44.7-65.3 

i Po, (mm,Hg) 56,03=1.74 47,6·62.3 48.14± 1.9~** 
, 

·"r:!.2~59.3 , , . , 
......... -~ .... - - f- , 

HeoJ'(mmoliL) 24.20±1.13 17,9-28,5 26.57±1.04 
I 

21.6-32.5 
, 

... -.... 

I Teo, (mmoliL) 29,1O±0,90 24.3-3J.:! 30.30±1.00 25.4-}5,2 

,BE (mmo!iL) -0,980±0,08 , .7,5-(4.3) . LOSO±O, 10 I ·6,2·(3,6) 
I 

, , , , 

Table (2): Serum electrolytes values in both clinically healthy and 
pneumonic buffalo-calves. 

[ 
, 

Healthy buffalo-calves Pneumonic buffal<>-calves , 

Variable I 
, 

Rang~---j l\lean±S.E I Range Mean±S.E 
, , 

Sodium 
",123 - 145~_129'80±LOI 

, 

134,60±2,24 I 124·13-1 
I (mmollL) , , 

Potassium , , 

I 
, , 5,19±O,IO , 4,71-5,72 , 

6,O7±O,31* 5,22·6,83 , , 
I 

, , 
(mmoVL) , , , , , 

, , , 

'--~r Chloride 

I 
102.10±2,3J 93-115 92,10±2,67' 81-107 

(mmollL) , , 

- ,,,,,-,--'--• P<O,O) 

6 
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